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GROUND-WATER SUPPLIES OF THE YPSILANTI AREA,
MICHIGAN

By G. L. MCGUINNESS, O. F. POINDEXTER, and E. G. OTTON

ABSTRACT

As of the date of this report (August 1945), the major water users in the Ypsilanti 
area are: (1) the city of Ypsilanti, (2) the Willow Run bomber plant, built by the 
Federal Government and operated by the Ford Motor Co., and (3) the war housing 
project of the Federal Public Housing Authority, designated in this report the 
Willow Run Townsite. The city, bomber plant, and townsite have required large 
quantities of water for domestic and industrial uses, and the necessary water 
supplies have been developed from wells. The Federal Works Agency had the 
responsibility of deciding whether the existing water facilities were adequate to 
meet the expected demands and determining the character of any additional public 
water-supply facilities that might be constructed with Federal assistance. In 
order to appraise the ground-water resources of the area the Federal Works 
Agency requested the Geological Survey to investigate the adequacy of the exist 
ing supplies and the availability of additional water. The present report is the 
result of the investigation, which was made in cooperation with the Michigan 
Geological Survey Division.

The water supplies of the three major users are obtained from wells penetrating 
glacial and associated sands and gravels. Supplies for the city of Ypsilanti and 
the Willow Run bomber plant are obtained from wells in the valley of the Huron 
River; the supply for the Willow Run Townsite is obtained from wells penetrating 
glacial gravels underlying the upland northeast of the valley. The bedrock forma 
tions of the area either yield little water to wells or yield water that is too highly 
mineralized for most uses.

The water supply for the bomber plant is obtained from three closely spaced, 
highly productive wells at the northern edge of the Huron River, a little more than 
3 miles southeast of Ypsilanti. The water receives complete treatment in a 
modern treatment plant. River water also can be treated and has been used 
occasionally in the winter and spring. The average daily pumpage during periods 
of maximum production at the bomber plant has been 4.5 to 4.75 million gallons. 
On June 30, 1945, production of bombers was suspended, and the plant went on a. 
maintenance basis.

The water supply of the bomber-plant well field is replenished by recharge from 
precipitation and from the Huron River. The evidence shows that recharge from 
the river is one of the principal sources of water and gives assurance both of the 
adequacy of the present supply and of the availability of additional water if 
needed. The safe yield of the three existing wells is estimated to be not less than 
6 million gallons per day.

The Ypsilanti public water supply is obtained from three tubular wells drilled 
in 1943, which replaced a number of suction-pumped tubular wells and one large 
dug well. All the wells penetrate sand and gravel in the bend of the Huron River

1



2 GROUND-WATER SUPPLIES OF THE YPSILANTI AREA

in the southeastern part of Ypsilanti. The water is treated in a modern treatment 
plant completed in 1939. The average daily pumpage in million gallons was 
about 1.68 in 1942, 1.70 in 1943, and 1.66 in 1944. Considerable water was fur 
nished to the Willow Run bomber plant from the Ypsilanti public-supply system 
during the period from August 1941 through March 1943.

The available information indicates that the water pumped from the Ypsilanti 
well field is replenished by ground-water flow from adjacent stretches of the 
Huron Valley and from the upland areas outside the valley, from precipitation on 
the valley in the vicinity of the well field, and possibly from the Huron River. It 
is believed that sufficient water can be obtained from the well field to meet the 
expected demand for a considerable time. The safe yield of the present wells is 
estimated to be not less than 3 million gallons per day, and detailed pumping tests 
might show that still larger supplies could be safely developed.

The water supply of the Willow Run Townsite is obtained from four wells in 
two well fields about 2 miles apart, one well in the northwest or Prospect and 
Geddes Road field, and three wells in the southeast or Wiard Road field. The 
pumpage was originally expected to be 2 to 3 million gallons per day, but it aver 
aged only about 450,000 gallons per day from March 1943 through June 1945.

The evidence afforded by logs of wells and by pumping tests indicates that the 
water-bearing gravels at the townsite are covered by relatively impermeable 
materials and thus that the rate of recharge is low. However, only relatively 
small declines in water level have occurred during more than 2 years' operation 
of the wells, indicating that recharge may occur nearby. The safe yield of the 
present wells is estimated to be 1.0 to 1.5 million gallons per day, and detailed 
pumping tests might show it to be somewhat greater. The water supply of the 
Willow Run Townsite has the smallest potential capacity of the three major 
ground-water supplies in the area; however, the demand has been relatively small, 
and no difficulty should arise unless this demand increases greatly.

The investigation involved the drilling of 13 test wells to locate additional 
ground-water supplies, on the assumption that the wartime demand for water in 
the Ypsilanti area might increase beyond the capacity of the present sources. All 
13 wells were drilled at sites selected by the Geological Survey. Two wells on 
the Willow Run Townsite were drilled by the Federal Public Housing Authority 
and 11 at other sites by the Federal Works Agency. Records of the wells are given 
in the report and discussed with respect to the availability of water at the different 
sites; similarly, the results of the controlled pumping tests made on four of the 
test wells drilled by the Federal Works Agency are analyzed and discussed with 
respect to the availability of additional water. The combined results of the test 
drilling and the pumping tests show that emergency supplies of several million 
gallons per day can be developed at the sites of the test wells. The best site 
shown by the test drilling is on the south bank of the Huron River opposite the 
bomber-plant well field, where a Well with a capacity of several thousand gallons 
per minute could be constructed if necessary. Three wells in the outwash-filled 
valley now occupied by Fleming Creek, on two of which pumping tests were made, 
show that emergency supplies ranging from a few hundred thousand to a million 
gallons per day could be developed at these test-well sites if necessary. Smaller 
Supplies ranging from a gallon or two per minute to perhaps 100,0t)0 or 200,000 
gallons per day could be developed at the sites of the remaining test Wells.

Pumping tests made on the supply wells of the three major water users by the 
consulting-engineering firms who designed the systems are analyzed and discussed 
briefly by the authors.
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The report includes maps and graphs showing the surficial geology of the area, 
the location of wells, and fluctuations of water level in selected wells. Alsp 
included are tables giving data on water levels and pumpage, chemical analyses 
of representative ground waters, and records of wells.

INTRODUCTION 

LOCATION OF THE AREA

The area treated in this report is that surrounding the city of 
Ypsilanti, Mich., extending from near Ann Arbor on the west to the 
Washtenaw County-Wayne County line on the east and from the 
Fleming Creek valley on the north to a point a few miles south of 
Ypsilanti. The principal parts of the area discussed are the city of 
Ypsilanti, the Willow Run bomber plant, and the war housing project 
of the Federal Public Housing Authority. The formal name of the 
project is the Willow Bun War Housing Community, but the colloquial 
term "Willow Run Townsite" is used in this report. The report 
describes the water supplies of the three major users and considers the 
availability of additional ground-water supplies in other parts of, the 
area.

HISTORY OP THE INVESTIGATION

This report gives the results of investigations, begun in August 1942, 
of the ground-water supplies of the Ypsilanti area.

Prior to this investigation the Michigan Geological Survey Division 
had received requests from several agencies for information concerning 
the availability of ground-water supplies in the Ypsilanti area and 
had recommended the site of the well field of the Willow Run bomber 
plant, which was built by the Federal Government and operated by 
the Ford Motor Co. Then on August 11 and 12,1942, a conference on 
ground-water supplies in southeastern Michigan was held at Lansing, 
as the result of inquiries received by the Federal Geological Survey 
from the War Production Board, the Public Health Service, the 
National Resources Planning Board, and the Federal Works Agency. 
Present at the conference were O. E. Meinser, geologist in charge of 
the Ground Water Branch, and the senior author, both of the Federal 
Geological Survey; R. A. Smith, State geologist; and O. F. Poindexter, 
of the Michigan Geological Survey Division. During the period 
August 13-17, 1942, the senior author and Mr. Poindexter visited a 
number of places in southeastern Michigan and obtained information 
on the ground-water supplies. The Ypsilanti ajea, including the 
Willow Run plant, was the most important; hence most of the time 
was spent there. The information obtained duriflg the field work was 
presented in a typed report (McGuinness, C. L., 1942) 1 by the

1 A list of publications and manuscripts cited is given on p. 103.
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author, dated September 5, 1942, copies of which were furnished to the 
interested agencies mentioned.

In November 1942 Mr. Poindexter and the senior author visited the 
Willow Kun bomber plant again and suggested the location of observa 
tion wells for detecting the effect of pumping from the bomber-plant 
wells.

On May 19, 1943, R. D. McGill, regional engineer of region 4 of the 
Federal Works Agency, and D. M. Hatch, State engineer of the Federal 
Works Agency for Michigan, called on the Director of the United 
States Geological Survey at Washington, D. C., to discuss the ade 
quacy of the ground-water supplies of the Ypsilanti area. Also present 
at that conference were Mr. Meinzer and the senior author. Messrs. 
McGill and Hatch inquired whether the ground-water supplies that 
had been developed for the Willow Run bomber plant, the Willow Run 
Townsite, and the public supply of Ypsilanti might not become in 
adequate, thus necessitating the construction of a pipe line to bring 
water to Ypsilanti from the Detroit public-supply system. The 
available information, they were assured, indicated that the ground- 
water supplies would hold out at least for a sufficient time to permit 
an investigation of their long-term adequacy and, if necessary, the 
planning and construction of a pipe line. It was agreed that the 
Federal Geological Survey would undertake the investigation on a 
repayment basis, determining whether the existing supplies would be 
adequate to meet the expected demand and whether additional sup 
plies could be developed if needed. The Michigan Geological Survey 
Division was requested to cooperate in the investigation and to assign 
la geologist to begin field work; hence about June 1, 1943, Mr. Poin 
dexter went into the field and obtained information supplementing 
that gathered during the summer and fall of 1942. He also arranged 
for the collection of water-level and pumpage data by the three princi 
pal users of ground water. Copies of Mr. Poindexter's report (1943) 
were furnished to the Federal Works Agency in July of that year.

In September 1943 the senior author and Mr. Poindexter located 
sites for test wells to be drilled by the Federal Works Agency (see 
fig. 1), which subsequently arranged for permission to drill on the 
selected or alternate sites and negotiated a drilling contract. Drilling 
was started on January 19 and completed on May 6, 1944. The test 
drilling and pumping tests were supervised by E. G. Otton, of the 
United States Geological Survey, who was in the field from the early 
part of January until the test drilling was completed and who after 
wards worked on the report in the Washington office until about the 
end of May.

In January 1944 the Federal Works Agency requested an opinion 
concerning the adequacy of the existing ground-water supplies of the
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Ypsilanti area in advance of the completion of the test-drilling pro 
gram, and on February 10, 1944, in a memorandum (McGuinness, 
1944) prepared by the senior author and sent to the Federal Works 
Agency, it was stated that, the ground-water supplies appeared to be 
adequate to meet the expected demand at least for the duration of 
the war.

Progress reports interpreting the current water-level and pumpage 
data were prepared for the Federal Works Agency at intervals of 1 
month to several months, beginning in the summer of 1944 and con 
tinuing until June 30, 1945. Preparation of the present report was 
begun following the completion of the test drilling; in January 1945 
it was submitted to the Federal Works Agency in typewritten form 
(McGuinness et al., 1944). It is the work chiefly of the senior author, 
who assumes responsibility for the interpretation of geologic conditions 
made on the basis of data from the test-drilling program and for the 
conclusions regarding the adequacy of the ground-water supplies.
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Federal Works Agency were made available for additional test wells 
outside the Willow Run Townsite.

C. C. Greim, manager of utilities for the city of Ypsilanti, and 
Z. L. Mead, superintendent of the Ypsilanti waterworks, furnished 
information on the Ypsilanti water supply, including data on water 
levels and pumpage in the Ypsilanti well field. Mr. Mead furnished, 
also, periodic measurements of water levels in wells 70-3N, 72 (FWA 
10), and 73 (FWA 14).

The consulting-engineering firm of Shoecraft, Drury, and McNamee, 
of Ann Arbor, Mich., furnished maps, charts, and other data on the 
Ypsilanti public water supply and on private domestic wells in the 
area. They also made available a copy of their July 1942 report

* The wells are numbered according to location by township and section (see note to table 13), and the 
numbers by which they are known to the agencies cooperating in the investigation are generally given in 
parentheses after location numbers.
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(Shoecraft, Drury, and McNamee, 1942) on ground water for the 
Ypsilanti public supply.

The consulting-engineering firm of Hubbell, Koth, and Clark, of 
Detroit, Mich., furnished maps, charts, and other data on the water 
supplies of the Willow Kun bomber plant and the Willow Kun 
Townsite.

J. E, Cooper and others of the medical department of the Ford 
Motor Co. furnished information on the water supply of the Willow 
Run bomber plant and, in 1942, data (McGuinness, 1942) on the water 
supplies of other Ford-operated plants in southeastern Michigan. 
Mr. Cooper furnished periodic data on water levels in the bomber- 
plant well field, pumpage from the field, and temperature and chloride 
content of the water. The Ford Motor Co. gave permission for the 
drilling of wells 91 (FWA 11), 99 (FWA 12), and 117 (FWA 13) on 
Ford property. Francis Kallin and others of the medical department 
made the analyses of water from wells 4 (FWA 6), 43 (FWA 8), 73 
(FWA 14), and 117 (FWA 13), from the bomber-plant supply wells, 
and from the Huron River (table 1).

The Washtenaw County and Michigan State highway departments 
and the Ypsilanti city authorities gave permission to drill certain 
test wells on public property: wells 5 (FWA 7), 19 (FWA 4), 43 
(FWA 8), 72 (FWA 10), and 73 (FWA 14). Private landowners, 
including the Detroit Edison Co., gave permission for drilling wells 
4 (FWA 6), 16 (FWA 9), and 48 (FWA 3) on their property, and the 
State Highway Department kindly furnished the maps on which plate
2 is based.

GEOLOGY

INTRODUCTION

The geologic history and formations of the Ypsilanti area are 
described in United States Geological Survey Monograph 53 and folios 
155 and 205 of the Survey's Geologic Atlas (Leverett, Frank, and 
Taylor, F. B., 1915; Russell, I. C., and Leverett, Frank, 1908; Sher/er, 
W. H., 1917), and only such discussion as is related to the ground- 
water conditions of the Ypsilanti area will be given here. The area 
is in the Eastern Lake section of the Central Lowland province of 
the Interior Plains.3 It is underlain by gently dipping Paleozoic 
sedimentary rocks mantled with glacial drift and associated deposits.

PRE-QUATERNARY HISTORY

The bedrock formations of the Ypsilanti area consist of several 
thousand feet of Paleozoic sedimentary rocks of marine origin, rang 
ing in age from Mississippian at the top to Ordovician. Sedimentary

* See physiographic map of the United States prepared by N. M. Fenneman in cooperation with the 
Physiographic Committee of the U. S. Geological Survey.
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rocks of Cambrian age probably underlie the Ordovician rocks but 
have not been penetrated by the drill in this area. Below the sedi 
mentary rocks are ancient rocks of the crystalline basement complex. 
The sedimentary rocks were deposited with low initial dips, but 
subsequent warping has accentuated the dip, which is northwestward 
into the Michigan Basin at the average rate of about 35 feet per mile.

At the end of the Paleozoic era the region was uplifted several 
hundred or perhaps several thousand feet. During Mesozoic time, 
erosion perhaps interrupted one or moie times by renewed uplift  
reduced the area to a nearly featureless plain near sea level, the hard 
and soft rocks alike being beveled so that in the Ypsilanti area the^r 
cropped out in bands striking northeas b-southwest, the older rocks- 
cropping out successively to the southeast. Near the beginning of 
the Cenozoic era the region was again u plifted several hundred feet, 
and active denudation was resumed. The less resistant rocks wer6 
quickly reduced nearly to the new base level, but the more resistant 
rocks remained as dissected uplands. Another uplift occurred, prob 
ably in late middle Tertiary time, and down cutting of both the 
uplands and lowlands was resumed. 1 'his process was interrupted 
by the advance of the Pleistocene continental glaciers. The Ypsilanti 
area is part of the so-called Erie-Huron plain, in which the rock sur 
face is now at an altitude of about 600 feet above sea level. This 
lowland is bounded on the northwest by an escarpment that rises to 
a plateau underlain by the resistant Marshall sandstone of Missis- 
sippian age. The northwest edge of the Lowland is along a northeast- 
southwest line running just southeast of Ann Arbor. The relief 
between the lowland and the plateau is about 200 feet.

Bedrock formations. The bedrock formations in the Ypsilanti area 
yield little or no potable water to wells and so will be described only 
briefly. In certain areas the water from the bedrock is salty and 
contaminates the water in the glacial deposits immediately above the 
bedrock.

The bedrock formations that crop out beneath the glacial drift in 
the Ann Arbor quadrangle, from the top down, are the Marshall 
sandstone, Coldwater shale, Sunbury shale, and Berea sandstone of 
Mississippian age; the Antrim shale of Upper Devonian age; and 
the limestone and shale of the Traverse formation, Dundee limestone, 
and Detroit River dolomite of Middle Devonian age. Below the 
Detroit River dolomite, but not cropping out in the Ann Arbor
quadrangle, are the Sylvania sandstone :>f Middle Devonian age, the
Bass Islands dolomite and Salina formation of Silurian age, and older 
Paleozoic rocks.

The Marshall sandstone underlies only the northwestern corner of 
the Ann Arbor quadrangle. The Coldwater and Sunbury shales
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crop out in a broad band running northeast-southwest across the 
quadrangle. Southeast of this is a band in which the Berea sandstone 
crops out beneath the drift. The Berea sandstone underlies most 
of Ypsilanti, but in the areas immediately north and northwest of the 
city, and in the Willow Run Townsite to the northeast, the Berea is 
overlain by shales that presumably are the Sunbury and Coldwater 
shales. Southeast of the outcrop belt of the Berea sandstone is that 
of the black Antrim shale. The boundary between the Berea and 
Antrim formations is northwest of well 91 (FWA 11), as the Antrim 
was penetrated immediately below the drift in that well. Southeast of 
the outcrop of the Antrim shale is that of the Traverse formation, 
which consists largely of limestone. The boundary between the two 
outcrops appears to pass under the Huron River at the bomber-plant 
well field, as wells 117 (FWA 13) and 121, south of the river, struck 
limestone or chert of the Traverse formation, whereas the other wells 
that reached bedrock, all north of the river, penetrated hard black 
shale or weathered gray shale. The formations that crop out southeast 
of the Traverse formation in the Ann Arbor quadrangle are the 
Dundee limestone and the Detroit River dolomite. These formations 
are of little or no importance with regard to the ground-water condi 
tions in the Ypsilanti area.

The available data give only a general idea of the configuration 
of the bedrock surface in the Ypsilanti area. It is probable that the 
surface, though approximating a plain, is rather dissected. According 
to the available well records, the range in altitude of the bedrock 
surface is from 544 feet in well 37 to 667 feet in well 27, all altitudes in 
this report being given in feet above mean sea level. Well 27 pene 
trated 3 feet of sandstone between altitudes of 667 and 664 feet and 
ended in the sandstone. However, as bedrock in nearby wells was 
much lower (at altitudes of 602 feet in well 25 and 615 feet in well 30), 
the sandstone in well 27 might have been a large boulder. The 
highest altitude at which bedrock was struck in wells other than 
weU 27 was about 635 feet in wells 16 (FWA 9) and 19 (FWA 4).

Ground water in the bedrock. The bedrock formations either 
yield little water to wells or yield water that is moderately to highly 
mineralized. The Marshall sandstone yields some water to wells but 
does not underlie the Ypsilanti area proper. The Coldwater and 
Sunbury shales are essentially impermeable, although the Coldwater 
contains a number of thin sandstones that might yield domestic 
supplies of usable water in some places. The Berea sandstone contains 
salty water at most places, and in areas where it directly underlies, 
the drift the lowermost unconsolidated deposits are contaminated 
by the salty water.
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The Antrim shale supplies water to the municipal wells at Belleville, 
in the Huron Valley about 8 miles downstream from Ypsilanti. The, 
water is moderately mineralized but soft. A sample analyzed in 1927; 
showed 561 parts per million of dissolved solids, 85 parts per million 
of chloride, 461 parts per million of bicarbonate, and a total hardness of 
88 parts per million (Michigan Department of Health, 1937).

The unconsolidated deposits above the bedrock at Belleville may 
consist mostly of sand and gravel. If so, this might explain why 
potable water is found in the shale at that place. It is not known 
whether the Antrim shale will yield potable water in places where it is 
overlain by material of low permeability.

The Traverse and older formations generally yield salty water to 
wells. Water presumably from the Traverse formation has contami 
nated the water in the gravel immediately above bedrock in well 113 
(bomber-plant supply well 2) and well 117 (FWA 13). Rocks of 
Silurian age, presumably the Bass Islands dolomite, yield a large 
amount of highly mineralized water to the Swan well at the south end 
of Grosse Isle, south of Detroit. An accurate log of the well is not 
available, but it is believed that the Sylvania sandstone, which over 
lies the Bass Islands dolomite, was struck at a depth of a little more 
than 300 feet and was somewhat more than 70 feet thick (Sherzer, 
1913). The principal flows were at depths of 420 and 450 feet, and. 
the water was reported to be fresh. The well was continued to a 
depth of 2,375 feet and yields a large supply of mineral water by 
natural flow. The water contains a considerable amount of hydrogen; 
sulfide, reported to be from the lower part of the well. The water of 
the principal flows, though fresh in comparison with the lower waters,, 
is probably rather highly mineralized. The completed well yielded, 
water containing more than 20,000 parts per million of dissolved 
solids, according to an analysis made in 1905 (Leverett et al., 1906). 
Thus, although the Swan well shows that large supplies of water can 
be obtained from the bedrock under favorable conditions, it offers no 
encouragement with regard to the availability of water of good quality.

QUATERNARY HISTORY

The Quaternary history of the Ann Arbor quadrangle in general and; 
of the Ypsilanti area in particular is discussed at some length because 
of the importance of the history of the Huron River, in whose valley : 
two of the three major ground-water supplies of the area have been' 
developed: those of the Willow Run bomber plant and the Ypsilanti 
public-supply system. In the typed reports of the Geological Survey, 
dated September 5, 1942 (McGuinness, 1942), and February 10, 1944 
(McGuinness, 1944), it is stated that the HurorU River cut down-to 
bedrock during the final retreat of the Wisconsin glacier and that the
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gravels which furnish the bomber-plant and Ypsilanti water supplies 
were subsequently deposited by the river. The information afforded 
by the test drilling indicates that such positive statements concerning 
the origin of these gravels may not be justified; however, a discussion 
of the Quaternary history may help to clarify the subject.

During the Pleistocene epoch of the Quaternary period the North 
Central States were invaded four or five times by continental glaciers 
that moved outward from collecting centers known as the Keewatin, in 
central Canada; the Patrician, between Hudson Bay and Lake 
Superior; and the Labrador, in the Labrador Peninsula. Michigan 
was invaded at least twice by the Labrador icefield, once during the 
third or Illinoian stage of glaciation and again during the last or 
Wisconsin stage. It may have been invaded by the Patrician field 
previously, but sufficient evidence is not yet available to determine 
this point.

The first ice sheet picked up the thick mantle of soil and loosened 
rock at the surface and incorporated it into the ice, together with 
additional material scraped and plucked from the bedrock uncovered 
by the removal of the soil. This fragmental material, redeposited in 
various forms by the ice and the meltwaters issuing from it, largely 
conceals the features of the bedrock. The principal deposits are 
moraines or ridges formed at the edges of the ice sheet, including 
moraines formed between two lobes of the sheet (interlobate moraines), 
outwash sands and gravels deposited in plains and valley trains 
heading in the moraines, and the ground moraine (till plain) formed 
beneath the ice and left in place when the ice melted. Subsequent 
ice sheets brought additional material and reworked some of that 
previously deposited.

The margin of the continental glacier was divided into lobes which 
corresponded to major areas in which the bedrock was relatively low. 
The lobation was especially marked during the latter part of each 
stage of glaciation, owing to the fact that the ice was becoming thinner 
and its movement was therefore affected to a greater extent by the 
configuration of the bedrock. During the last or Wisconsin stage of 
glaciation the Ann Arbor quadrangle was occupied mostly by the 
Huron-Erie lobe of the Labrador icefield, but the Saginaw lobe of 
that field occupied the northwest corner of the quadrangle and an 
important interlobate moraine was formed at the junction of the lobes 
before the final retreat. Similar lobation undoubtedly occurred 
during the Illinoian stage, and the morainic systems may have been 
started during that stage, so that the Wisconsin moraines may be only 
a veneer over moraines of the Illinoian stage. It is difficult to explain 
certain features of the occurrence of water-bearing sand and gravel
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except on the assumption that the moraines of the last stage were 
deposited on those of an earlier stage or stages.

During the building of the moraine between the Huron-Erie and 
Saginaw lobes of the Labrador icefield, the meltwaters with then* load 
of gravel, sand, and clay escaped westward from the quadrangle past 
Pinckney and eventually found their way to the Mississippi by way 
of the Kankakee and Illinois Rivers. The front of the Huron-Erie 
lobe, which had advanced from the southeast, retreated again toward 
the southeast, and the front of the Saginaw lobe retreated to the north, 
out of the Ann Arbor quadrangle. The ice front halted after the 
reentrant between the lobes reached a point about at the head of the 
present Huron River drainage, and at that time the Fort Wayne 
moraine was formed by the Huron-Erie lobe (pi. 1). This moraine 
crosses the Ann Arbor quadrangle from the northeast corner to the 
vicinity of the town of River Raisin. During the formation of the 
moraine the meltwaters still converged to the northwest and left the 
quadrangle near Pinckney. Part of the drainage passed up the 
Huron River valley northwest of Ann Arbor. The valley may have 
been formed at that time or previously. Leverett ^Russell and 
Leverett, 1908, p. 5) believed that the part of the valley above Ann 
Arbor might have been formed prior to the Wisconsin stage.

The front of the Huron-Erie lobe next retreated a little farther to 
the southeast, halted, and formed the outer ridge of the Defiance 
moraine, which passes southeast of Ann Arbor, parallel to the Fort 
Wayne moraine (pi. 1). At that time the drainage from the north 
eastern part of the quadrangle was still past Pinckney, but the 
drainage from the part of the ice front near Ann Arbor was to the 
southwest, between the ice front and the previously formed Fort 
Wayne moraine, to the valley of the Raisin River in Bridgewater 
Township. During this stage of the retreat the Huron River, which 
was receiving water from precipitation in the area uncovered by the 
ice and presumably also some glacial meltwater, cut across the Fort 
Wayne moraine and joined the meltwater from the part of the ice 
near Ann Arbor. The combined stream then joined the Raisin 
River, which also had formerly discharged westward, and flowed 
southwestward along the ice front to glacial Lake Maumee, which in 
turn discharged past Fort Wayne, Ind., to the Wabash River.

Retreating a little farther southeastward, the ice front then formed 
the inner ridge of the Defiance moraine. The meltwater from the 
ice front northeast of Ann Arbor flowed down the Fleming Creek 
valley to the present position of the Huron River (pi. 1). From that 
point it either flowed up the Huron Valley and joined the Huron 
River, which turned south at Ann Arbor, or flowed to the southwest 
across the present position of the Huron Valley and joined the old

847827 49  2
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Huron River about 2 miles north of Pittsfield. If the water flowed 
up the Huron Valley, one must assume that the part of the valley 
between the mouth of Fleming Creek and Ann Arbor was already in 
existence or was cut through the outer ridge of the Defiance moraine 
during the period when the ice front was retreating to the position 
where it formed the inner ridge.

The ice front subsequently retreated a considerable distance to the 
southeast, and the reentrant between the Saginaw and Huron-Erie 
lobes retreated northeastward past Imlay City, uncovering an outlet 
to the Grand River and Lake Chicago, known as the Imlay outlet, 
at a lower altitude than the Fort Wayne outlet, which was abandoned. 
At that time Lake Maumee was at an altitude of about 800 feet and 
extended up the Huron Valley to Ann Arbor, where the Huron River, 
abandoning its southward course, entered the lake and formed a 
delta whose top is at an altitude of about 812 feet (pi. 1). The ice 
front retreated a little more and uncovered a lower outlet northeast 
of Imlay City. With Lake Maumee falling to its lowest level and 
forming a beach whose present altitude is 755 to 765 feet, the Huron 
River formed a sizable delta northeast of Ypsilanti, on which the 
southwestern part of the Willow Run Townsite is now located. 
The ice then readvanced slightly, covering the lower outlet and raising 
Lake Maumee so that it again discharged through the Imlay outlet. 
The altitude of the crest of the beach formed by Lake Maumee at 
this stage is about 785 to 795 feet, and the Huron River at the same 
time apparently formed a delta in the northeastern part of Ann Arbor.

Again the ice front retreated, uncovering an area so low as to permit 
the waters in the Erie Basin to become confluent with those of 
glacial Lake Saginaw and form what is known as glacial Lake Arkona. 
This latter lake formed several beaches which are now at altitudes 
of 695 to 710 feet in the Ann Arbor quadrangle, traversing the lake 
plain east of Ypsilanti. The Huron River cuts across the Arkona 
beaches near Rawsonville. During this stage, also, the Huron River 
cut down through the moraines and the older deltas and formed the 
extensive Arkona delta (pi. 1).

The ice then advanced once more. It separated the waters in the 
Saginaw and Erie Basins and formed Lake Whittlesey, whose outlet 
was past Ubly to Lake Saginaw, which in turn discharged through the 
Grand River outlet to glacial Lake Chicago. Lake Whittlesey 
formed a strong beach which now stands at an altitude of 735 to 740 
feet in the Ann Arbor quadrangle. The Wiard Road well field of the 
Willow Run Townsite lies on the low ground just west of this beach. 
With the readvance of the ice the Huron River presumably stopped 
the down cutting that was in progress east of Ypsilanti when glacial
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Lake Arkona was formed, but continued to deposit sediment in the 
lake.

The ice front at length withdrew entirely from the "Thumb" of 
Michigan and permitted the waters of the Saginaw and Erie Basins 
to join again and form Lake Wayne, whose outlet was south of Syra 
cuse, N. Y., into the Mohawk River, the Grand River outlet being 
temporarily abandoned. The Wayne beach crosses the southeastern 
part of the Ann Arbor quadrangle at an altitude of 660 to 665 fee"t 
(pi. 1). The ice then readvanced slightly, closing the Syracuse outlet 
and forming Lake Warren, the discharge of which was again through 
the Grand River outlet. The Warren beach is at an altitude of 680 
to 685 feet and passes northeastward out of the Ann Arbor quadrangle 
rsouth of the Huron River (pi. 1), which continued to cut down  
vigorously during the Wayne stage, less vigorously during the higher, 
so-called Warren stage of the lake and to deposit sediment in the 
lake to form a delta.

With a further retreat of the ice front, the Grand River outlet 
was abandoned and an outlet to the Mohawk Valley past Rome, 
N. Y., was opened. The waters of the Saginaw and Erie Basins 
were confluent, and a lake known as glacial Lake Lundy was formed. 
This lake persisted for a time at a relatively high stage and formed 
the Grassmere beach at an altitude of 635 to 640 feet; it then fell to 
.a lower stage and formed the Elkton beach at an altitude of 615 to 
620 feet. The Huron River continued to deepen its bed and to deposit 
sediment in the lake.

Although the further history of the glacial lakes is concerned pri 
marily with the area east of the Ann Arbor quadrangle, one feature of 
.significance remains to be discussed. Lake Erie was formed following 
the stage of glacial Lake Lundy. It was the first of the Great Lakes 
to be free of the direct influence of the ice that is, to have no ice dam. 
During the first part of its existence it received the discharge of the 
.glacial lake, known as Lake Algonquin, that occupied the basins of the 
present upper Great Lakes and was nearly as large as at present. In a 
;succeeding stage the discharge of Lake Algonquin was temporarily 
diverted to Lake Iroquois (now Lake Ontario), and the Port Huron 
outlet to Lake Erie was abandoned. Lake Erie then received only 
local drainage and was much smaller and lower than at present. Its 
level is believed to have been 540 to 550 feet above sea level (Leverett
-and Taylor, 1915, p. 397). It was during that stage that the Huron 
River had an opportunity to cut more deeply than at any other into 
the moraines at Ann Arbor and Ypsilanti and into the lake sediments 
.and glacial drift southeast of Ypsilanti; if it was ever able to cut to
 bedrock it was at that time.
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ORIGIN OF THE WATER-BEARING GRAVELS IN THE HURON
VALLEY

The water supplies of the Willow Run bomber plant and of the city 
of Ypsilanti are obtained from gravels underlying the valley of the 
Huron River. The prospects of obtaining additional supplies in the 
valley and, to some extent, the adequacy of the present supplies are 
related to the distribution of the water-bearing gravels, which in turn 
depends on their origin. If it can be assumed that the Huron River 
cut to bedrock and deposited the gravels penetrated by the Ypsilanti 
and bomber-plant wells, it may be inferred that similar deposits of 
gravel underlie the valley in most if not all of its course and that 
successful wells can be located almost anywhere along that course. On 
the other hand, if the gravels were deposited before the river cut its 
present valley, their location may be related only in a general way or 
not at all to the course of the river, and the location of additional 
ground-water supplies becomes more difficult, necessitating consider 
able test drilling.

Although there is some question as to whether the water-bearing 
gravels were deposited by the Huron River, there seems to be no 
doubt that the river has cut away any impermeable materials that 
may have overlain the gravels at the bomber-plant well field, so that 
the gravels at river level are freely connected with those at greater 
depths. There is also some indication that the river may have cut 
into the main gravels in the vicinity of the Ypsilanti well field, although 
silt and clay have been penetrated above the gravels in all the wells 
drilled in the field for which records are available.

At present most of the available evidence indicates that the water 
bearing gravels underlying the Ypsilanti and bomber-plant well fields 
were deposited prior to the final retreat of the Wisconsin glacier and 
thus that their distribution was not determined by the present course 
of the river. Conclusive evidence of a continuous channel along the 
present river, extending to bedrock and filled with coarse gravel, is 
lacking, but sufficient test wells have not been drilled to determine 
positively that a continuous channel does not exist. Wells 68, 71, 72 
(FWA 10), 73 (FWA 14), and 92 (pi. 2) penetrated little or no coarse 
gravel in their lower parts, where such gravel might be expected to 
occur if the Huron River cut to bedrock and formed a continuous 
gravel-filled channel during the retreat of the glacier and the lowering 
of the lakes.

In spite of the lack of positive evidence favoring the deposition of 
the gravels by the Huron River in its present course, it is possible that 
they may have been so deposited and that the presence of coarse 
material at the Ypsilanti and bomber-plant well fields is due to the 
presence of gravelly morainic drift through which the river cut and
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which furnished the coarse material to the river. According to this 
hypothesis the coarse material underlying the Ypsilanti well field 
would have been derived from the Defiance moraine and that at the 
l>omber-plant well field from the Rawsonville boulder belt which is
 cut by the river nearby. J. E. Cooper, of the Ford Motor Co., and 
Mr. Poindexter originated the hypothesis that the Rawsonville 
T>oulder belt might be the source of the boulder gravels penetrated by 
the bomber-plant supply wells. If this hypothesis is correct, a con 
tinuous channel filled with coarse material should occupy the valley 
from Ypsilanti upstream because of the presence of abundant morainic 
material. The available well records do not show such a channel, but 
they do not prove its absence.

At present it seems likely that the gravels penetrated by the 
Ypsilanti public-supply wells may have been deposited, at least in 
part, prior to the final retreat of the glacier. They may represent 
outwash material from an ice sheet preceding the final advance of the 
Wisconsin glacier, perhaps that of an invasion during the early 
Wisconsin or the Illinoian stage, upon which a coating of late Wisconsin 
till may have been deposited. If so, the Wisconsin till appears to 
Jhave been discontinuous or to have been cut through in at least some 
places by the present river.

The gravels at the bomber-plant well field also may have been
 deposited during a stage of glaciation preceding the final stage. The 
portion of the Huron Valley in the vicinity of Ypsilanti and Ann Arbor 
may have been formed during a previous, stage, along roughly the 
<X)urse of the present valley, and may have served to locate the present 
valley during the final retreat of the ice. This hypothetical ancestral 
valleyimay have served as an outlet for glacial meltwater during a 
prior stage, and the gravels now penetrated by the Ypsilanti and 
bomber-plant wells may have been deposited at such a time. On the 
other hand, the late Pleistocene history of glacial retreat and lake 
formation may have repeated a similar process of earlier date, during 
which the Huron River may have cut down its valley as the glacier 
retreated and refilled it with sand and gravel upon which late Wisconsin 
drift was deposited and afterwards cut away. Another possibility is 
that the bomber-plant gravels may represent outwash from the glacier 
during the final retreat, at the time when it is believed to have halted 
and deposited the Rawsonville boulder belt. At that time the ice 
front was in a lake, so that normal outwash deposits could not form, 
but local gravel deposits may have formed at points where major 
glacial streams escaped from the ice, regardless of the presence of 
standing water at the ice front. Little evidence, however, is available 
to support any of these hypotheses.
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Although it is not certain whether the coarse gravels penetrated Bjr 
the bomber-plant wells are confined to the Huron Valley, they appar 
ently have not been struck so far in any wells outside the valley. It 
does not seem reasonable to dismiss as a coincidence the fact that 
the most productive water-bearing gravels in the Ypsilanti area have 
been penetrated by wells in the Huron Valley; thus it is difficult to 
avoid the conviction that some genetic relation exists between the 
valley and the coarse gravels that underlie it at some places. Solution, 
of this question must await the accumulation of additional data.

ORIGIN OF THE GRAVELS IN THE FLEMING CREEK VALLEY

The Fleming Creek valley served as a channel for glacial meltwaters 
at the time that the ice was forming the inner ridge of the Defiance 
moraine. The valley is underlain by glacial outwash gravels, but, as 
the thickness of the gravels had never been known, wells 4 (FWA 6), 
5 (FWA 7), and 43 (FWA 8) were drilled to test these deposits (pi. 1; 
fig. 1). The wells show that the outwash deposits formed during the 
final retreat of the glacier are rather thin: Wells 5 (FWA 7) and 43 
(FWA 8) penetrated 37 and 42 feet of sand and gravel, respectively,, 
immediately below the surface, and well 4 (FWA 6) penetrated only 
about 10 feet of material at the top that probably represents glacial 
outwash. Wells 4 (FWA 6) and 43 (FWA 8) penetrated thick 
gravels below clay, and it seems probable that the clay is glacial till 
deposited during the final retreat of the ice. If so, the gravels below 
the clay were deposited during a previous stage and thus are not 
necessarily either confined to the present valley or coextensive with it. 
Well 5 (FWA 7) penetrated mostly clay below the surficial sand and 
gravel, showing that the thick lower gravels do not underlie the entire 
valley.

The Fort Wayne moraine and the outer ridge of the Defiance moraine 
appear to have been deposited at least in part on older drift (Russell 
and Leverett, 1908), and the inner ridge of the Defiance moraine also 
may be only a mantle covering older drift. The older drift is un 
doubtedly morainic in character and may have been deposited during 
Illinoian or early Wisconsin time, or both. The Illinoian ice in the 
Ypsilanti area may have moved in a somewhat different direction from 
the Wisconsin ice, so that if the early drift is Illinoian the [moraines 
and associated outwash gravels may have little relation to the present 
surface. Thus, if the lower gravels penetrated in wells 4 (FWA 6) 
and 43 (FWA 8) are of Illinoian age, they may be related to the Wis 
consin deposits only insofar as the Illinoian moraines may have influ 
enced the movement of the ice and the location of the moraines of the 
Wisconsin stage. If they are of early Wisconsin age, however, one 
might expect them to be more closely related to the present moraines
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FIGURE 1. Map of the Ypsilanti-Ann Arbor area, Michigan, showing F WA and FPHA test wells and wells
not shown on detailed maps.

and valley. That outwash gravels deposited prior to the last retreat 
of the Wisconsin glacier may be encountered almost anywhere is 
shown by the gravels penetrated by the wells at the Willow Run 
Townsite. *

ORIGIN OF THE GRAVELS AT THE WILLOW RUN TOWNSITE

The gravels penetrated by the wells at the Willow Run Townsite 
are believed to have been deposited prior to the final substage of Wis 
consin glaciation. They represent glacial outwash deposits that were 
formed prior to the present surface and have little or no relation to 
the present surface features. The deposits penetrated by the Ypsi- 
lanti and bomber-plant wells may ultimately be shown to havejbeen
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deposited at the same time and under the same conditions. The 
gravels at the Willow Run Townsite are overlain by clay, presumably 
glacial till of the late Wisconsin stage. However, apparently they 
are either quite extensive in area or are connected, by means of chan 
nels cut through the till, with surficial sands and gravels deposited 
later, as pumping from the townsite wells has not greatly lowered the 
ground-water levels at the townsite.

The gravels at the townsite appear to be similar in productivity to 
the gravel penetrated by well 124, the "unsuccessful" 24-inch well at 
the edge of the bomber-plant well field, which in a test yielded 875 
gallons per minute with a drawdown of about 65 feet. It seems prob 
able that, regardless of the origin of the gravel penetrated by wells 
112, 113, and 114 (bomber-plant supply wells 1, 2, and 3, respectively), 
the gravel penetrated by well 124 had an origin similar to that of the 
gravels at the townsite.

GROUND-WATER SUPPLIES IN THE YPSILANTI AREA

INTRODUCTION

The potable water supplies of the Ypsilanti area are derived almost 
exclusively from wells. The only known major exception is at the 
Willow Run bomber plant, where the treatment plant is designed to 
use either river water or ground water and where water from the 
Huron River has been used occasionally during the winter and spring. 
Almost all the wells in the area penetrate sand and gravel of the glacial 
drift and associated deposits. Only a few domestic wells penetrate 
the bedrock, and no industrial or public-supply wells in the Ypsilanti 
area are known to obtain their supplies in whole or in part from the 
bedrock. However, the public water supply of Belleville, w^ich is 
not considered to be in the Ypsilanti area as defined in this report, is 
obtained from wells penetrating the Antrim shale. The supply is 
not large, and consideration has been given to a plan to obtain addi 
tional water from wells penetrating sand and gravel.

The principal types of sand and gravel deposits are (1) glacial out- 
wash sands and gravels deposited in plains at the edges of moraines 
and in channels of glacial drainage associated with the moraines and, 
in many places, covered by younger drift or lake deposits; (2) sands 
and gravels deposited in the glacial lakes, including beach deposits 
and delta deposits of streams; and (3) sands and gravels deposited in 
the channels of streams cutting glacial drift or lake sediments after 
their deposition, including sands and gravels formed in this way in 
the Huron Valley.
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Private domestic wells in the Ypsilanti area obtain their supplies 
from all types of glacial and associated deposits. Some relatively 
shallow dug and bored wells are still in use, obtaining their supplies 
largely by seepage from lake sediments or glacial drift of low permea 
bility. Most domestic wells are drilled, although some driven (sand- 
point) wells are in use in places where water-bearing sand lies near 
the surface and is not overlain by gravelly material that would make 
driving difficult.

Well records and well logs obtained in the investigation, including 
records of domestic wells originally collected by Shoecraft, Drury, and 
McNamee and kindly furnished by that firm, are given in table 13 and 
on pages 81-102, and the locations are shown in plates 2 and 3 and 
figures 1, 2, and 4.

QUALITY OF WATER

Water from sand and gravel. Analyses of water from several wells 
penetrating sand and gravel are given in table 1, together with an 
analysis of water from the Huron River for comparison. The ground 
waters are all of the same general type, moderately hard calcium 
bicarbonate waters with some magnesium and some noncarbonate 
(permanent) hardness due largely to the presence of sulfate. The 
range in total hardness shown in table 1 is from 238 to 397 parts per 
million (14 to 23 grains per gallon), and the range in noncarbonate 
hardness shown is from 8 parts per million in the analysis for well 36 
(FPHA supply well 2) to 113 parts per million in the 1928 analysis of 
the Ypsilanti public supply. When completed, well 117 (FWA 13) 
yielded water with only a few parts per million of noncarbonate hard 
ness, but the exact amount is uncertain.

Chloride is rather low in most wells. The analysis for well 113 
(bomber-plant supply well 2) for December 19, 1941, and that for 
well 117 (FWA 13) for February 25, 1944, when well 117 was at a 
depth of 100 feet, show 64 and 160 parts per million of chloride, respec 
tively, but these samples show the effect of contamination by water 
from the bedrock. Note that well 117, when completed, yielded 
water containing only 11 parts per million of chloride. The chloride 
content of water from well 113 increased to as much as 164 parts per 
million in February and March 1943. (See table 3.) Except for 
the two samples mentioned, the highest content shown in table 1 is 
39 parts per million in well 26 (FPHA supply well 5), and the lowest 
contents are only 3 parts per million in well 4 (FWA 6) and 4 parts 
per million in wells 36 and 39 (FPHA supply wells 2 and 3, respec 
tively).
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The iron content in wells unaffected by water from the bedrock 
ranges from 0.3 part per million in well 39 to 2.5 parts per million in 
one sample from well 117 (FWA 13). The content in most wells is 
sufficiently high to make iron removal desirable if the water is to be 
used for domestic purposes, although water from hundreds of private 
domestic wells is used untreated. Softening is desirable for domestic 
purposes and almost essential for boiler use. The water is satis 
factory for condensing purposes without treatment, although in time 
scale may form in the condenser tubes.

Water from bedrock. Analyses of four waters from deep wells pene 
trating the bedrock are given in table 2, adapted from a table in folio

TABLE 2. of mineral water from wells at Ypsilanli, Mich., in parts per 
million 1

Silica (SiOz)..... ............. ..................................
Iron (Fe)_.    ............ _ ..............................
Calcium (Oa). __ -.---_. ___ . _ . __ . ___ .... .........

Sodium (Na) __ ._-..__ __ ......... _________ . .......
Potassium (K) __ . _ ..... _ . _ . _____ ........ _ . .....
Carbonate (COs)> _____________ _ ..... . ......
Sulfate (SOO  .   ...... ...................................
Chloride (Cl)... ...............................................

Total solids ____________ _______________
Hydrogen sulfide (HzS), cc. per liter _______________

1

24
Tr.
1,160

496
5,374

104
379

3,233
9,368

53
20,636

91

2

340
Tr.
2,167

943
10, 714

295
589

3,852
19, 553

163
38,679

140

3

439
14

2,316
1,064

14,556
88

613
3,659

26, 185
180

49, 114
155

4

15

1,610
780

13,576
236
496

1,814
24,221

168
42, 916

67

i Adapted from U. S. Geol. Survey Geol. Atlas, Ann Arbor folio (no. 155), 1908. 
* Presumably in solution both as carbonate, COa, and as bicarbonate, HCOa.

1. Well 81 (Cornwell well, "Ypsilanti Mineral Spring"). Analysis by A. B. Prescott of sample taken 
Mar. 31,1883.

2. Well 69 (Moorman well). Analysis by J. H. Shepard of sample taken Sept. 5,1884. Well cased to 500 
feet; water from Dundee limestone.

3. Well 69. Analysis by DeForest Ross of sample taken Sept. 13,1897. Well cased to 185 feet; some water 
obtained from Berea sandstone.

4. Well 53 (Atlantis well). Analysis by J. H. Shepard and W. F. Pett of sample taken July 26,1884, at a 
depth of about 360 feet.

155 of the Survey's Geologic Atlas (Russell and Leverett, 1908, p. 14). 
The waters obviously are not potable in the ordinary sense, although 
small quantities have been consumed. As stated, potable water is 
obtained from some wells penetrating the Antrim shale, but the 
quantity is not large and adequate supplies of water of quality suitable 
for most industrial uses are not available from the bedrock forma 
tions in the Ypsilanti area.

WATER FOR PUBLIC SUPPLY AND INDUSTRIAL USES

Until construction of the Willow Run bomber plant was begun, the 
principal demand for water in the Ypsilanti area was for the public 
water supply of the city. Only a few private industrial wells are in 
use in Ypsilanti, and the quantities of water pumped are not large. 
Many private domestic wells are in use, some of them in the city 
but most of them outside its limits, and here again the total quantity
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of water pumped is not large. Construction of the Willow Run 
bomber plant caused a great increase in the demand for water, not 
only because of the requirements of the plant itself but because of 
increased domestic consumption due to the influx of thousands of 
bomber-plant employees and their families.

A large part of the workers moving into the area found living 
quarters at the Willow Run Townsite (Willow Run War Housing 
Community), a war housing project constructed by the Federal 
Public Housing Authority, and their domestic water requirements 
were met from wells installed on the townsite. Other workers found 
living accommodations in Ypsilanti, where water was provided by 
the Ypsilanti public-supply system; still others, living in privately 
owned trailers, obtained water from the public-supply system or from 
neighboring wells. Many of the workers lived in nearby cities, 
including Ann Arbor and Detroit, and their domestic needs were 
met largely from the public-supply systems of those cities. However, 
all the workers of course used water for drinking and sanitary purposes 
at the bomber plant, and this water was obtained from the bomber- 
plant wells.

The water requirements of the bomber plant, the Willow Run 
Townsite, and the Ypsilanti public supply have been a subject of 
considerable uncertainty, as discussed at some length in the report of 
September 5, 1942 (McGuiiiness, 1942, p. 10 et seq.). Most of the 
uncertainty stemmed from the fact that the number of workers at 
the bomber plant could not be predicted accurately. At one time it 
was thought that the number might reach 100,000 to 120,000, but 
the maximum was revised downward to 60,000, and it is understood 
that the actual number was never that high. On the basis of a total 
of 60,000 workers it was assumed that the population of the Willow 
Run Townsite might be as much as 30,000; however, the authorized 
population was later set at 22,000, and apparently that figure was 
never reached. The demand on the Ypsilanti public-supply system 
was expected to be as much as 3,000,000 gallons of water per day. 
The requirement for the bomber plant, which was designed as a so- 
called "dry" plant not requiring large quantities of mill water, was 
initially estimated to be only 1,000,000 gallons per month, but this 
figure was soon revised upward (McGuinness, 1942). The water- 
treatment plant was designed with a rated capacity of §,000,000 
gallons per day.

The total consumption has been considerably less than expected, 
owing to the fact that the maximum number of workers at the bomber 
plant was less than anticipated and also to the fact that the per-capita 
consumption at the townsite has been much less than the figure of 
100 gallons per day upon which the initial estimate was based. In
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1944 the total daily consumption by the three major water users 
averaged about 6,130,000 gallons: about 4,000,000 for the bomber 
plant, 470,000 for the townsite, and 1,660,000 for the public supply 
of Ypsilanti.

The water supplies of the three major water users, the Willow Run 
bomber plant, Willow Run Townsite, and Ypsilanti public water- 
supply system, are obtained from wells penetrating glacial and asso 
ciated sands and gravels. The bomber-plant and Ypsilanti supplies 
are obtained from wells in the Huron Valley, and the Willow Run 
Townsite supply is obtained from wells penetrating sands and gravels 
underlying the upland northeast of the Huron River. The origin of 
the gravels penetrated by the wells has been discussed. The supplies 
are described separately in the following sections.

WILLOW BUN BOMBER PLANT

Source. The water supply of the Willow Run bomber plant is 
obtained from wells 112, 113, and 114 (known as supply wells 1, 2, 
and 3, respectively). The wells are at the north edge of the Huron 
River, just east of the Rawsonville dam and power plant of the Ford 
Motor Co. (pi. 3), and they penetrate medium to coarse gravel. 
The wells are closely spaced, as shown in plate 3, the distance between 
the outermost wells (112 and 113) being only about 360 feet. They 
range in diameter from 24 to 26 inches and in depth from 81 to 87 
feet (to the bottoms of the screens). Each is equipped with a 50-foot 
screen. Logs of the wells are given on pages 97-101 together with 
those of other wells drilled in the well field and vicinity.

The wells are equipped with deep-well turbine pumps with a max 
imum capacity of about 4,000 gallons per minute each. Ordinarily 
the supply has been obtained from one or two wells, pumped at rates 
ranging from about 2,650 to 3,500 gallons per minute for one well 
and 3,300 to 4,300 gallons per minute for two wells. Wells 112 and 
114 (supply wells 1 and 3), only 140 feet apart, were pumped in a 
7-day test in November 1943 at a combined rate ranging from 6,350 
gallons per minute at the beginning of the test to 5,950 gallons per 
minute at the end. The three wells probably could be pumped 
together for at least a short time at the combined rate of about 8,000 
gallons per minute. So far it has not been necessary to pump all 
three wells at once.

Well 113 (supply well 2) yields water relatively high in chloride 
(table 3; pi. 4). The well struck a bed of hardpan at an altitude of 
about 580 feet, was drilled through it, and entered a bed of gravel, 
just above bedrock, in which the water had been contaminated by 
salt water from the bedrock. An attempt was made to seal the well 
at the bottom of the main gravel, but it was not entirely successful.
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The chloride content of water from well 113 rose to 164 parts per 
million in February and March 1943. (See table 3.) The content 
since has been considerably lower (table 3; pi. 4), indicating that the 
seal at the bottom of the well has become more effective or that the 
salty gravel has been freshened, or both.

Treatment. The water receives complete treatment in a modern 
treatment plant. The plant has six rapid sand niters, each with a 
capacity of 1 million gallons a day at the rate of 2 gallons per minute 
per square foot of filter surface. In view of the lack of turbidity in 
the ground water, the rate possibly could be increased safely to 3 
gallons per minute per square foot, giving a total capacity for the 
plant of 9 million gallons per day. The piping is designed to permit 
doubling the rated capacity of 6 million gallons per day by adding 
six more filters and another settling basin and clear-water reservoir. 
The product of the plant is a soft, stable, iron-free water of high 
quality. Analyses of the raw and treated water are given in table 1.

The treatment plant has an intake in the Huron River, and river 
water has been used occasionally in the winter and spring. It is 
believed that this practice is not strictly necessary at present, but it 
is helpful in permitting replenishment of the ground water withdrawn 
from storage in the well field.

Pumpage. The pumpage from the bomber-plant wells from June 
1942 through June 1945 is given in tables 3 and 4, together with data 
on the water levels in certain wells. The pumpage in 1944 through 
August averaged a little more than 4 million gallons per day, about 
the same as for the equivalent period in 1943. The pumpage began 
to decline in September 1944 as the result of decreased production at 
the bomber plant. The pumpage in that month was about 3.40 
million gallons per day as compared with 4.79 million gallons per 
day in September 1943. The average daily pumpage was 4.16 million 
gallons in 1943, 4.00 million gallons in 1944, and 2.90 million gallons 
in the first 6 months of 1945.

Water levels. Water levels in certain supply and observation wells 
in the bomber-plant well field are given in tables 3 and 4 and shown 
in plate 5. The data show only slight progressive decline in water 
level that can be ascribed to the pumping, and it is believed that this 
indicates the existence of local sources of recharge adequate to main 
tain the supply.
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TABLE 3. Pumpage for bomber plant, water level in well 112 (supply well jf), 
and chloride content of water from well 113 (supply well 2), June 1942 to June 
1943

Date

194$

July.  . _.     .    ..--

194S

April            

Approximate average water 
level in well 112, in feet above 
mean sea level

Static level

646 
646 
646 
646 
646 
646 
645

644 
645 
644.5 
644 
643.5

Pumping level

640

637

633

633

Total pumpage 
during month 

(gallons)

43, 380, 500 
52,605,000 
48, 660, 000 
44, 280, 000 
56, 175, 000 
58, 380, 000 
60, 495, 000

86,295,000 
82, 065, 000 

111,000,000 
126, 000, 000 
131,940,000 
136, 830, 000

Average chlo 
ride content ol 

well 113 
(P. P. m.)

85

123 
164 
164 
147 
54 
64

Recharge. The gravels penetrated by the bomber-plant supply 
wells are recharged by (1) precipitation on the valley floor in the 
vicinity of the wells, (2) ground-water flow from water-bearing sands 
and gravels underlying the upland in which the valley is cut, (3) 
ground-water flow from the upstream and downstream portions of the 
valley, mainly from the upstream portion, and (4) infiltration from the 
Huron River. It would be possible to evaluate the importance of the 
different sources of recharge only by means of a much more compre 
hensive pumping test than has been made so far, but the available 
information indicates that recharge from the river is an important 
source of the water pumped from the wells, perhaps the most important. 
In view of the small area in which permeable sediments are exposed, 
the first source mentioned recharge from precipitation in the immedi 
ate vicinity of the wells probably would be able to supply only a 
relatively small part of the total quantity of water pumped. With 
regard to the second and third sources, it is impossible, in view of the 
uncertainty concerning the origin of the water-bearing gravels and 
thus concerning their areal distribution, to say which is more im 
portant.
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Evidence of recharge from the river is afforded by (1) temperature 
and chemical data, (2) absence of any large progressive decline in the 
water level due to pumping, such as would be likely to occur if the 
major recharge areas were a considerable distance away, (3) the rela 
tion between water levels in the well field and those in the river, and 
(4) the behavior of the water levels in wells during pumping tests. 
A discussion of the evidence of recharge follows.

1. Periodic observations of the temperature and chloride content of water from 
the wells and from the river have been made since February 1944, and the results 
through June 1945 are shown graphically in plate 4. Temperature and chloride 
data for the acceptance test on well 114 in November 1943 are given in table 5.

TABLE 5. Temperature and chloride content of water from well 114 (bomber-plant 
supply well 3) during pumping test, November 9-15, 1943 * 

Date

1943 
Nov. 9

9
10-.-..         .         
10            _   -.      
10  .                ..   .
n. . . ....
ii- . - --.  .  ... .. 
12
12... ... . . ..
13
13. ...  
14
14.
15  ..... - ...
15.

Time

4: 13 p. m... ___ ______________ _ .
7:40a. m_ . ______ ___ . __ _____
11:30 a. m_.__ _           ...   
4:20 p. m
7:30 a. m __ . __ _ __ . __ . _ __

8: 00 a. m. __ ____ .... _ _ __ ..
2:30p. m_._ _ ________ _ ____ ....
10: 00 a. m _______ . _______  

5: 00 p. m
7:30 a. m... ._ _____________
4:30 p. m _______ .... _ _ .......

Temperature 
(degrees F.)

58
57
57
57
57
55
55
54
54
54
54

54
54

Chloride 
(p. p. m.)

12
13
20
24
26
29
34
34
36
34
34
31
34
34
34

1 Average temperature of well 112 (supply well 1) during test, 53° F.; average chloride content, 18 p. p. m 
Average temperature of Huron River during test, 47° F.; average chloride content, 8 p. p. m.

Plate 4 shows substantial fluctuations in temperature in all three supply wells. 
The range in temperature observed in the supply wells from February 1944 
through June 1945 was from 48° to 62° F. The temperature of water from wells 
as deep as the bomber-plant wells generally does not fluctuate more than a degree 
or two during the year.

Heat could be exchanged between the river and the ground through a short 
distance by conduction rather than by movement of water, so that a fluctuation 
in the temperature of the ground water would not necessarily indicate movement 
of water from the river. However, in view of the fact that fluctuations in tempera 
ture of as much as a degree occur to depths of only a few tens of feet as a result of 
annual fluctuations in mean daily air temperature of 50° or more (Collins, W. D., 
1925, pp. 97-98), it is obvious that heat exchange by conduction could not explain 
the observed fluctuation in temperature in the bomber-plant well field, where the 
wells are about 40 to 80 feet from the river. Moreover, the large amount of heat 
represented by a rise of several degrees in the temperature of millions of gallons of 
ground water could not conceivably be derived from the river water or from the 
air by conduction alone. Thus warm water must have moved outward from 
the river to cause the observed rise in temperature in the wells during the summer, 
and, likewise, cold water must move outward from the river during the winter.

Attention is again called to table 5, giving data on the temperature and chloride 
content of water from well 114 (supply well 3) during a pumping test made from
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November 9 to November 15, 1943. The temperature of the water in the river 
averaged about 47° F. during the test. The temperature of water from well 114 
-declined during the test from 58° at the start to 54° at the end. The 4-degree 
decline in temperature indicates recharge from a source of water cooler than that 
in the ground near the well at the start of the test. The river is the most likely 
source, although some of the cooling was doubtless caused by admixture of ground 
water from adjacent areas where the ground water had not been warmed pre 
viously by recharge from the river.

The temperature evidence is confirmed by the chloride determinations, which 
show a downward trend in chloride from the higher content typical of the ground 
water in this area to the lower content typical of the river water. (See pi. 4.) 
The water whose relatively low chloride content has reduced the chloride content 
of the water from the wells is derived both from precipitation and from the river; 
however, recharge from precipitation would be inadequate to furnish the quantity 
of low-chloride water required to dilute the more concentrated ground water, so 
that the river must be the major source of low-chloride water. -Some low-chloride 
water, similar (see table 1) to that from wells 4 (FWA 6), 36, 39, and 43 (FWA 8), 
might be coming from sands and gravels in the glacial drift near the bomber-plant 
well field, but evidence as to the existence of such waters in the vicinity of the well 
field is lacking, and such a source would not be adequate in itself to furnish the 
large quantities of diluting water that have been required.

The rise in chloride content in well 114 during the pumping test made from 
November 9 to November 15, 1943 (table 5), appears to contradict the evidence 
as to river recharge afforded by the decline in temperature. However, it is be 
lieved that the high-chloride water was derived from well 113 (supply well 2), 
which yields water relatively high in chloride. High-chloride water from the 
contaminated gravel below the hardpan at well 113 is able to enter the well when 
it is pumped, and it seems reasonable to assume that the lowering in head in well 
113 caused by the pumping of wells 112 and 114 in the test was sufficient to cause 
high-chloride water to enter the bottom of well 113 and pass into the ground 
through the screen.

2. If recharge from the river were small or nonexistent, the major source of re 
charge would be precipitation on the upstream and downstream stretches of the 
valley and the upland area outside the valley. Recharge to replenish the sub 
stantial quantities of water pumped for the bomber plant would have to be derived 
from a rather extensive area, and the water levels would show a progressive decline 
due to withdrawal of water from storage. This process might be expected to take 
some time, and before equilibrium between recharge and discharge could be estab 
lished the water levels might be expected to decline to considerably lower stages 
than they have. The absence of a large progressive decline suggests that a local 
source of recharge exists that is nearly or quite adequate to maintain supply. The 
river is the only source that appears to meet the requirements.

3. With regard to the relation between water levels in the well field and those 
in the river, attention is called to plate 5. The water level in well 109 showed some 
recovery during May and early June 1944, in spite of the fact that the pumpage 
increased and the river levels remained about the same. This could be due in 
part to recharge from precipitation, but it is believed that warming of the river 
water, with a resulting decrease in viscosity and therefore of loss in head as the 
water passes into the ground, is mostly responsible for the rise in water level. 
Conversely, the slightly lower pumping levels that existed during the latter part 
of the preceding winter, in spite of reduced pumpage, can be explained by the cool 
ing of the river water and the increase in viscosity during the winter. The flow 
of ground water is typically laminar (viscous), in contrast with the turbulent flow
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that generally occurs in pipes and surface streams. In laminar flow the rate of 
flow varies inversely in proportion to the viscosity, and a decline in the tempera 
ture of the water from 90° to 40° F. approximately doubles the viscosity, thus 
reducing the rate of flow by about one-half, other conditions remaining the same. 
The temperature observed in the bomber-plant supply wells from February 1944 
through June 1945 ranged from 48° to 62° F., giving a range in viscosity of about 
1.35 X lO-2 to 1.09 X 1C-2 in C. G. S. units. At 48° F. the viscosity would be 
1.35/1.09, or about 1.24 times as great as at 62° F., and the drawdown in a well at a 
given rate of pumping likewise would be roughly 1.24 times as great. Thus both 
the temperature of the pumped water and the behavior of the water levels in the 
well field are such as would be expected if recharge from the river were taking 
place.

The divergence between the graph of well 105 and that of the river below the 
dam (tailrace), as shown in plate 5, may be significant. The level of the tail- 
race has remained nearly constant. In July 1943 the water level in well 105 was 
nearly as high as the water in the river just below the dam, but the level in the 
well declined slowly thereafter until reduced pumping caused a rise in the spring 
of 1945. A slight downward trend in well 104 and in well 109 (which is within 
:the triangle formed by the three pumped wells) is also apparent. A part of the 
decline from July 1943 to the fall of 1944 might be due to the net decline in the 
level of the river above the dam in that period (pi. 5). However, in view of the 
fact that the decline in river level took place chiefly during the last few months 
of the period, it seems more likely, although recharge from the river was undoubt 
edly occurring, that the downward trend in wells 104, 105, and 109 shows that 
water was still being withdrawn from storage and that a condition of steady flow 
from the river to the wells had not yet been reached for the maximum rates of 
pumping. This is a point of importance with respect to the amount of additional 
water that can be obtained in the vicinity of the present wells, but from the low 
rate of decline in the wells it may be inferred that an "equilibrium" or steady-flow 
condition would be reached at the highest rates of pumping maintained so far 
with only slight additional declines.

The rises in water level in wells 104 and 109 from the middle of May to the 
middle of July 1944, which were quite similar (pi. 5), are somewhat difficult to 
explain on the basis of the available data. The rise in well 109 may have been 
due principally to the warming of the river water and the resultant warming of 
the ground water. The rise in well 104 may have been largely a reflection of 
that in well 109. The 30 feet of clayey material above the water-bearing sand 
in well 104 indicates that artesian conditions may exist that would facilitate the 
rapid transmission to that well of the effects of fluctuations in water level in the 
vicinity of the pumped wells.

The rises in wells 104 and 109 might be due in some part to recharge from 
precipitation. However, the heaviest precipitation in the period concerned oc 
curred in the week ending June 23, 1944, during which both wells showed a decline 
in water level. This fact, with the absence of a rise in water level in well 105, 
where the material apparently is permeable from the surface down, suggests that 
the effect of precipitation was not great during the period under consideration.

4. The evidence furnished by the pumping tests with regard to recharge from 
the river is discussed in the section on pumping tests.

Adequacy of the supply. Evidence of recharge from the river has 
been discussed in some detail because the existence of river recharge 
adequate to maintain the supply that has been developed so far means 
that additional water can be obtained from wells located near the
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river and at a sufficient distance from the present wells to minimize 
interference. Extremely coarse gravels, which yield large supplies of 
water to wells with small drawdowns, have been penetrated north of 
the river only in the small area occupied by wells 112, 113, and 114. 
Well 105 showed material that would give a gojod yield, although in 
the opinion of the driller (Layne-Northern Co., Inc.) the yield would 
not be as large as that of the present supply wells. 'Nevertheless, a 
supply, well could be located in the vicinity of well 105, preferably 
somewhat nearer the river, and would not interfere much with the 
present wells. Additional test wells could be drilled along the edge 
of the river between wells 106 and 105 to learn whether coarse gravels 
exist in that stretch.

A supply well could be located at the site of well 117 (FWA 13), 
and additional drilling south of the river probably would reveal other 
good sites for supply wells. Assuming proper location of wells to take 
advantage of recharge from the river, it is believed that supplies sub 
stantially larger than have been pumped so far could be developed. 
It is believed that the combined safe yield of wells 112, 113, and 114 is 
not less than 6 million gallons per day. For additional wells that may 
be required, the best site shown by test wells drilled so far is that of 
well 117 (FWA 13). If it seems desirable not to cross the river, a well 
near well 105, but preferably nearer the river, would be satisfactory. 
Well 114, located between wells 112 and 113, proved to be entirely 
satisfactory, but it is believed that additional wells should not be 
installed in the small area occupied by the present wells, as the 
interference probably would be excessive*

CITY OF YPSILANTI

Source. The public water supply of Ypsilanti is obtained from 
wells 75, 76, and 77, known as supply wells 1, 2, and 3, respectively, 
penetrating sand and gravel in the bend of the Huron River in the 
SE# sec. 9, Ypsilanti Township (fig. 2). Wells 75 and 77 are about 
1,000 feet apart; well 76 is about 600 feet from well 75 and 900 feet 
from well 77. The wells were completed in 1943, are 16 inches in 
diameter and 87 to 102 feet deep (see table 13), and are equipped 
with 20-foot wire-wound screens. Logs of the wells are given on 
pages 93 and 94.

The water supply was formerly obtained from a large dug well 
(well 83) in and adjacent to which several drilled wells were later 
installed. These drilled wells now are reported to yield little water. 
Still later, 14 wells 8 inches in diameter and about 70 feet deep were 
installed along Spring Street (wells 70-lN to 6N and IS to 8S). All 
were pumped by suction. They were placed in reserve, to be used only 
in emergencies, when wells 75, 76, and 77 were completed. The total
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Pumping Station 
77(dty we I/3)

500 FEET

FIGURE 2. Map showing Ypsilanti public-supply wells and nearby wells.

dependable yield of the old wells is reported to have been about 2.5 
million gallons per day (Shoecraft, Drury, and McNamee, 1942, 
P. 7).

The new wells are equipped with deep-well turbine pumps. The 
pumps in wells 75 and 77 have a capacity of about 1,500 gallons per 
minute each; the pump in well 76 has a capacity of about 600 gallons 
per minute. The three wells apparently have not been pumped to- 
ge.ther in a test, and their total yield is not known. Pumping tests
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made on the individual wells are discussed in the section on pumping 
tests. ,

Treatment. Water from the wells is treated in a modern iron- 
removal and softening plant, installed in 1939. The rated capacity 
of the plant is 2 million gallons per day, but it can be operated for 
short periods at the rate of 2.5 million gallons per day (Shoecraft, 
Drury, and McNamee, 1942, p. 7). An analysis of the treated water is 
not at hand, but an analysis of untreated water from the old wells is 
given in table 1. In an emergency river water could be treated in 
the plant.

Pumpage. Table 6 shows the average daily pumpage from the 
Ypsilanti public-supply wells, by months, from January 1939 through 
June 1945. Data for the period January 1927 through May 1942 
are given by Shoecraft, Drury, and McNamee (1942, chart 1, 
appendix).

TABLE 6. Average daily pumpage from public-supply wells at Ypsilanti, Mich., in 
millions of gallons per day, by months, January 1939 to June 1946 l

Month

April-         .         
May.-... ------ .. . ....
June. ........................................
July. .....................................

1939

1.38
1.35
1.19
1.22
1.21
1.22
1.46
1.30
1.23
1.13
1.15
1.09

1.24

2.01

1940

1.20
1.18
1.24
1.24
1.31
1.29
1.55
1.36
1.18
1.29
1.25
1.20

1.27

2.12

1941

1.21
1.33
1.21
1.30
1.31
1.36
1.49

21.46
1.40
1.46
1.54
1.56

1.39

2.25

1942

1.72
1.78
1.80
1.79
1.65
1.62
1.82
1.69
1.62
1.55
1.56
1.52

1.68

2.28

1943

1.66
1.74
1.65
1.53
1.60
1.88
1.91
1.83
1.70
1.67
1.64
1.60

1.70

2.42

1944

1.615
1.586
1.655
1.523
1.596
1.779
2.037
2.000
1.555
1.507
1.511
1.531

1.659

1945

1.639
1.645

' 1. 643
1.542
1.543
1.630

1 Figures for 1942-43 are approximate, based on graph furnished by Shoecraft, Drury, and McNamee.
2 Figures for August 1941 through May 1943 include amounts of water furnished to the Willow Run 

bomber plant, averaging approximately, by months, in millions of gallons per day:
1943 

January......_ 0.43 July._-..._.._ 0.19
February.-___ .37 August__--__ .21 
March.__._ .37 September.__ .18 
April __-__.. .27 October......_ .20
May.....____. .15 November...  .17
June..___. .14 December___. .19

1941
August________ 0.05 
September.-.___ .11 
October..______ .12 
November____... .26 
December______ .36

January.._____ 0.20 
February.-.-.--.-- .29 
March-.- .   .13 
April    .--._ .01 
May___---.-- .01

  Maximum day occurred in July in 1939, 1940, and 1942; in August in 1941; and in June in 1943.

The average daily pumpage was increasing slowly before the war 
and, in 1941, began to increase more rapidly as a result of the con 
struction of the Willow Run bomber plant. The average daily, 
pumpage in million gallons was 1.24 in 1939, 1.27 in 1940, 1.39 in 
1941, and 1.68 in 1942. The pumpage in 1943 was 1.70 million gallons 
per day, about the same as in 1942; however, less water was furnished 
to the Willow Run bomber plant in 1943 than in 1942 (see table 6, 
footnote 2), so that the figure for 1943 reflects somewhat increased
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public-supply consumption at Ypsilanti. Little water has been 
furnished to the bomber plantt from the Ypsilanti public supply since 
March 1943.

The pumpage in 1944 was about 1.66 million gallons per day, 
slightly less than in 1943, but when the water furnished to the bomber 
plant is deducted from the totals, 1944 shows a slight increase over 
1943. The average daily pumpage was more than 2 million gallons 
in July and August 1944, the first months on record when the 
pumpage exceeded that figure. t

The average daily pumpage in the first six months of 1945 was 1.61 
million gallons.

Water levels. Only scattered data on water levels are available 
for the years prior to 1944. Table 7 gives the results of periodic 
measurements beginning in February 1944 in wells 72 (FWA 10) and 
70-3N (Spring Street well 3N) and, from August 1944, in well 73 
(FWA 14).

TABLE 7. Water levels in observation wells at Ypsilanti, Mich., in feet below 
measuring point, February 1944 to June 1945

[Measuring points: wells 72 and 73, top of casing, slightly above land surface; well 70-3N, top of well head, 
slightly above land surface. See fig. 3 for water-level measurements in well 72 during period Feb. 17-25, 
1944]

Date

1944 
Feb. 28_._____

29   

3.......
4, __ .
6.......
8    
9    

10- __ ..
11   
13.......
14.......
15.......
16.......
17.......
18-   
20..... ..
21    
22    
23    
24    
25. __ .-
27    
28    

4 ....
5.......
6    
7   
10   
11    
12    
1?
14    
17..... _.
24    

Well 72 
(FWA 10)

i 25. 24
225.29
i 25. 32
225.29
i 25. 34
1 25. 34
2 25. 24
i 25. 34
325.40
3 25. 50
125.57
' 25. 38
325.45
325.47
325.23
3 25. 12
3 25. 22
3 25. 21
325.30
3 25. 32
325.35
3 25. 35
3 25. 30
3 25. 40
325.39
3 25. 38
3 25. 40
3 25. 40
5 25. 43

25.45
25.37
25.28
25.19
oc no

8 25. 10
e 25. 00
i 24. 85

Well 73 
(FWA 14)

Well 70-3JJ 
(Spring Street 

well 3N)

2 14. 30

*9.60

19.78

314.39

*14.35

i 10. 01

« 17. 96

See footnotes at end of table.
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TABLE 7. Water levels in observation wells at Ypsilanti, Mich., in feet below 
measuring point, February 1944 to June 1945 Continued

Date

1944

8    -
15.......
23 . 
29   

12    
26    

July 24.......

14 . 
21.......
28.-,  

Sept. 11 . 
18   
25    

Oct. 2    .
9...-.-.

16    -
23.   
30

20    
27    

11    
18    
26    

1945

9.......
29.......

12.......
19.   ..,
26  -

12    
19  .,
26    

17    
23 .-.
30    

15    
21    

ll-
lS-    
25    

Well 72 
(PWA 10)

6 24. 91
i 25. 95
i 25. 00
6 25. 20
124.90
124.68
6 24. 90
i 24. 68
6 25. 87
i 26. 07
'26.26
126.30
6 26. 26
«26.03
8 25. 99
i 26. 61
2 26. 01
i 24. 98
e 24. 98
i 25. 97
6 25. 69
i 26. 98
i 24. 76
i 25. 87
6 26. 98
626.00
6 26. 00
i 26. 00

6 26. 09
626.04
6 26. 30
6 26. 37
626.39
626.39
i 26. 22
126.02
126.00
126.04
i 26. 61
8 25. 62
626.68
625.65
i 25. 50
i 26. 60
6 26. 20
i 23. 72
123.68
624.00
6 24. 35 
6 24. 60

Well 73 
(PWA 14)

i 35. 11
i 35. 06
6 33. 42
» 33. 63
i 34. 51
2 35. 55
i 33. 77
635.00
i 33. 78
634.00
132.80
i 33. 77
132.40
6 35. 49
634.83
6 35. 21
136.00

635.46
6 35. 10
6 35. 79
6 34. 59
6 35. 68

134.65
134.02
i 32. 90
133.57
133.45
6 34. 73
635.15
6 34. 65
i 31. 85
i 31. 78
6 34. 27
i 30. 16
130.23
633.65
6 33. 52 
634.32

Well 70-3N 
(Spring Street 

well 3N)

19.10
18.50

619.15
19.30
19.71

618.27
19.79

6 18. 40
' 18. 38
'20.26
8 17.94
6 16. 76
6 14. 13
9 14. 02
1 14. 89
» 15. 06

. i 13. 40
616.92
i 13. 49
614.10
i 11. 53
1 12. 39
1 11. 32
6 18. 50
6 17. 67
6 17. 10
8 15. 47

6 18. 06
6 18. 00
6 18. 78
6 14. 15
« 17. 37
6 16. 88
814.34
111.96
U1.65

111.59
618.14'
6 18. 30
6 18. 02
i 10. 45
i 10. 34
6 17. 60
18.88
i 8.78

6 16. 63
6 16. 02 
614.80

1 Well 76 (city well 2) being pumped at rate of 0.76-0.9 million gallons per day. 
a Well 75 (city well 1) being pumped at rate of 2.0-2.25 million gallons per day.
3 Wells 75 and 76 being pumped at combined rate of 2.8-3.0 million gallons per day.
4 No public-supply wells being pumped.
5 Wells 75 and 77 being pumped at combined rate of about 4 million gallons per day.
  Well 77 (city well 3) being pumped at rate of 2.0-2.25 million gallons per day.
' Wells 76 and 77 being pumped at combined rate of 2.8-3.0 mDlion gallons per day.
8 Well 76 being pumped; well 77 possibly shut off a short time before measurement.
* Wells 75,76, and 77 being pumped; well 77 probably pumped for only a short time prior to measurement.

Notwithstanding the lack of specific data, it is evident that little 
or no progressive decline in water levels has occurred in the Ypsilanti 
well field. Good, though not conclusive, evidence of this is the fact 
that the water levels have not declined beyond the reach of the suction 
pumps used for the old wells, in spite of the gradual increase in 
pumpage. In 1941 a test on the old wells showed a yield of 2.1 
million gallons per day from fifteen 8-inch wells (the 14 Spring Street
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wells and 1 other) and the dug well (well 83), with average pumping 
levels at an altitude of 670 feet. The dug well when operated alone 
had a yield of 1.5 million gallons per day with the pumping level at 
670 feet, and the fifteen 8-inch wells when operated alone yielded 
2.0 million gallons per day with an average pumping level at 670 
feet (Shoecraft, Drury, and McNamee, 1942, pp. 6-7). In the test 
made in July 1943, well 75 (new supply well 1) and the old wells were 
pumped together for 16 hours at the combined rate of about 3.75 
million gallons per day (about 1.9 million gallons per day for well 75 
and 1.85 million gallons per day for the old wells), and the water 
level in the dug well declined only to an altitude of about 667 feet. 
In the test made in September 1943, well 77 (new supply well 3) 
was pumped at the maximum rate of about 1.8 million gallons per 
day, and the old wells were pumped at rates ranging from 0.55 to 1.9 
million gallons per day, and the water level in the dug well again 
declined only to an altitude of about 667 feet. Although these data 
cannot be analyzed quantitatively, they indicate that the water 
levels in the well field have shown little or no progressive decline.

Recharge and adequacy of the supply. The logs of wells in the 
Ypsilanti well field show materials of low permeability above the 
water-bearing gravels, giving the impression that a continuous layer 
of such material exists in the area that will reduce or prevent recharge 
from precipitation and from the river. If such a layer exists, recharge 
would have to occur largely by underflow from the upstream and 
downstream parts of the valley and from permeable beds underlying 
the upland adjacent to the valley. However, the available information 
indicates that the material of low permeability is absent in some 
places, so that the lower gravels are accessible to recharge from precipi 
tation and perhaps from the river. The lack of progressive decline in 
water level in the Ypsilanti well field suggests that local recharge takes 
place, just as in the case of the bomber-plant wells.

Evidence of interconnection between the main water-bearing gravels 
in the Ypsilanti well field and permeable materials near the surface is 
afforded by interference between deep and shallow wells. As stated 
above, the shallow dug well (well 83) produced about 1.5 million 
gallons per day, and the Spring Street wells about 2.0 million gallons 
per day when pumped alone, but when these wells were pumped 
together the combined yield was only 2.1 million gallons per day, the 
pumping water levels being at an altitude of 670 feet in all three tests 
(Shoecraft, Drury, and McNamee, 1942, pp. 6-7). This is clear 
evidence of interference between the deep and shallow wells. Unless 
the Spring Street wells are screened in the upper gravel, which is 
unlikely, it is also evidence of interconnection between the sands and 
gravels that supply the deep and shallow wells.
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It is reported that the yield of the 36-foot well at the Trojan 
Laundry (well 74) is decreased when the public-supply wells are 
pumped. It is not certain whether the well is affected when only the 
deep public-supply wells are pumped or when the pumping of the dug 
well (well 83) is in progress. However, in view of the other available 
information it seems reasonable to believe that well 74 is affected by 
the Spring Street wells and by wells 75, 76, and 77, penetrating the 
deeper gravels.

Confirmatory evidence of interconnection between deep and shallow 
gravels is afforded by well 72 (FWA 10), which penetrated sand and 
gravel from the surface to a depth of 49 feet,-below which no permeable 
materials were penetrated. Water occurs in the sand and gravel 
under water-table conditions. Fluctuations of water level in well 72 
(FWA 10) that could be definitely ascribed to the pumping of the 
deep public-supply wells would furnish positive evidence of inter 
connection between the deep gravels and surficial materials accessible 
to recharge from surface sources, and one of the reasons for drilling 
well 72 (FWA 10) was to obtain information on this point.

During the period February 17-25, 1944, frequent measurements of 
water level were made in well 72 (FWA 10), and a record was kept of 
the pumping rates of wells 75 and 76 (city wells 1 and 2). The results 
are shown in figure 3. Inasmuch as there are no other wells of large

FEBRUARY 1944 
19 20 21

FIGURE 3. Graph showing relation of fluctuations in well 72 (FW.A 10) to pumpage from Ypsilanti public- 
supply wells, February 17-25,1944.
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capacity in the vicinity that might affect the water level in well 72 
(FWA 10), it is apparent that the pumping of the city wells was 
responsible for the fluctuations shown, except for the rise that began 
on February 21 or 22, 1944. This rise was due to a thaw that began 
on February 21. According to data from the Detroit airport, the 
maximum temperature on that date was 45° F., as compared with 38.° 
on February 20 and 29° on February 19. The minimum temperature 
on February 21, probably reached before the maximum and not 
afterward, was 26°, as compared with 21° on February 20 and 7° on 
February 19. The maximum temperatures were well above freezing 
during the period February 22-27, inclusive (68° on February 26), and 
minimum temperatures below freezing occurred only on February 24 
and 25 (30° and 29°, respectively). This relatively long warm spell 
was observed to result in the melting of the frost out of the ground, 
and as shown by well 72 (FWA 10) the thaw produced substantial 
ground-water recharge. The pumping of well 75 (city well 1) on 
February 23, 24, and 25 did not cause a decline in water level, as had 
the two previous periods of pumping, but it did flatten the rising curve 
due to recharge (fig. 3).

The existence of interconnection between the deep and shallow 
gravels does not mean that water is free to travel from one bed to the 
other with little loss in head. In September 1943, at a tune when the 
Spring Street wells were being pumped, it was observed that the 
water level in well 77 (city well 3), which was then under construction, 
was roughly 10 feet lower than the water table, which, as shown by 
the water level in the annular space outside the well casing, was near 
the level of the river. Precise observations of the relative positions 
of the ground-water and river levels were not made. It is stated in 
folio 155 of the Survey's Geologic Atlas (Russell and Leverett, 1908, 
p. 15) that the old Ypsilanti public-supply wells originally flowed, 
indicating sources of recharge some distance upstream or outside 
the valley that were adequate to produce a head in the lower gravels 
higher than the head in the shallow gravels. Such a difference in 
head suggests that the average permeability of the material between 
the deep and shallow gravels is lower than the permeability of the 
gravels themselves; that is, the water moves from one bed to the 
other through material of low permeability or through tongues of 
permeable gravel encased in material of low permeability. However, 
it should be pointed out that the simple condition of a deep bed 
imperfectly connected with a shallow bed in which water occurs 
under vater-tab/e conditions may not exist throughout the Ypsilanti 
well field. In parts of the field the deep and shallow gravels may be 
freely connected, but the shallow gravels may be capped by imper 
meable material. Under such conditions an artesian flow would not
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necessarily indicate a substantial difference in head between the 
deep and shallow gravels.

The apparent absence of progressive declines in water level in the 
Ypsilanti well field indicates that the present pumpage from the field 
could be increased substantially. Although it is not definitely known 
whether recharge of the main gravels from the river by way of the 
shallow gravels can occur, it is possible that such recharge may be 
taking place. The water now pumped, amounting on the average to 
less than 2 million gallons per day, could be replenished to a con 
siderable extent by underflow from upstream areas if deposits as 
permeable as those in the well field extend along the valley for an 
indefinite distance. If such deposits do not exist, however, it seems 
likely from the absence of progressive declines in water level that 
recharge from the river may occur nearby. In view of the relatively 
small total area of permeable surficial material in the vicinity that 
is not covered by pavements and buildings, it seems unlikely that 
precipitation in the immediate vicinity could account for all the 
recharge that is apparently occurring, although a part of it un 
doubtedly can be explained in this way.

Whether the bulk of the present recharge is derived from underflow 
or from the river, or both, it is believed that the rate of pumping 
could be safely increased to 3 million gallons per day and perhaps to 
as much as 4 million; such an increase would result in a decline in 
water levels in the well field, which in turn would increase the rate 
of recharge. At present it seems unlikely that the demand will 
exceed an average of 2 million gallons per day for some time to come.

It is not known whether the deep gravels penetrated by the Ypsi 
lanti public-supply wells are directly related to the present valley of 
the Huron River or whether they were formed previously. If not 
confined to the present valley, the gravels do not appear to extend 
far beyond it, as wells outside the valley generally do not strike such 
coarse material. Whether or not the gravels extend beyond the 
valley, they appear to be accessible to local recharge, which is the 
most important point with respect to the adequacy of the present 
supplies.

Availability of additional water in the Huron Valley. The available 
data are not sufficient to indicate whether large additional supplies 
can be obtained in the Huron .Valley upstream from the Ypsilanti 
well field. Additional development in the area downstream front 
the field might be practicable but might necessitate drilling wells in 
Ford Lake, the slack water of which extends nearly to the Ypsilanti 
well field. However, additional development in the area upstream 
would depend on the occurrence of gravels in the valley. Whether 
good deposits of water-bearing gravel exist can be determined only



40 GROUND-WATER SUPPLIES OF THE YPSILANTI AREA

by means of adequate test drilling, which would be a prerequisite for 
further large-scale ground-water developments in the Huron Valley. 
The possibility of interference with the present public-supply wells, 
must also be considered in future development.

WILLOW RUN TOWNSITE

Source. The water supply of the Willow Run Townsite is obtained 
from wells in two fields: well 26 (FPHA 5), in the northwest or Prospect 
and Geddes Road field, and wells 32, 36, and 39 (FPHA 4, 2, and 3, 
respectively), in the southeast or Wiard Road field (fig. 4). Another 
well in the Wiard Road field, well 34 (FPHA 1), has been completed 
and tested, but as it showed an apparent specific capacity of only about 
2 gallons per minute per foot of drawdown, as compared with specific 
capacities ranging from about 10 to 22 gallons per minute per foot for 
the other wells, a permanent pump has not been installed. Well 32 
(FPHA 4), though equipped with a pump, has been pumped but 
little. Logs of the test wells and supply wells on the townsite are 
given on pages 84-87.

The two well fields are a little less than 2 miles apart. The three 
wells in the Wiard Road field that are equipped with pumps are spaced 
about 1,000 to 2,250 feet apart. Well 34 (FPHA 1), which is not in 
use, is about 300 feet from well 36 (FPHA 2) and 700 feet from well 
32 (FPHA 4).

Well 26 (FPHA 5) is 24 inches in diameter and 111 feet deep (108 
feet to the bottom of the 30-foot screen). It is equipped with a 25- 
horsepower deep-well turbine pump and yields about 500 gallons per 
minute with a drawdown of about 35 feet.

The wells in use in the Wiard Road field are 12 inches in diameter 
and 92 to 128 feet deep. Well 34 (FPHA 1), which is not in use, is 
175 feet deep. The screens in the wells in use range in length from 
11 feet in well 39 (FPHA 3) to 22 feet in well 36 (FPHA 2). Well 34 
(FPHA 1) has a 25-foot screen. Well 36 (FPHA 2) is equipped with a 
40-horsepower deep-well turbine pump and yields about 600 gallons 
per minute with a drawdown of about 27 feet. Well 39 (FPHA 3) is 
equipped with a 30-horsepower pump and yields about 550 gallons 
per minute with a drawdown of about 50 feet. Well 32 (FPHA 4) 
yields about 550 gallons per minute with a drawdown of about 25 feet; 
|he horsepower of its pump is not known.

The water from the wells is chlorinated but is not treated for iron 
removal or softening. Analyses of water from wells 36, 39, and 26 
(FPHA 2, 3, and 5) are given in table 1.

Pumpage. The quantities of water pumped from the townsite 
wells each month from March 1943 through June 1945 are shown in 
table 8.
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On the assumption that the per-capita daily consumption would be 
about 100 gallons, the total pumpage was expected to be 2 to 3 million 
gallons per day, but it has never approached these figures. The

average daily pumpage during the 28-month period March 1943 
through June 1945 was about 450,000 gallons. The average daily 
pumpage in 1944 ranged from about 400,000 gallons in March to 
about 590,000 gallons in August and averaged about 470,000 gallons. 
The population served in January 1944 was about 13,000; it began 
to decline in September 1944, as the result of curtailed production at 
the bomber plant, and in October was about 8,000. The pumpage
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held up fairly well in the last part of 1944 and the early months of 1945, 
but by June 1945 it had declined to about 375,000 gallons per day.

Water levels. Measurements of water level in well 37 (4-inch test 
well 2), made at intervals of 1 to 5 days from April 16 to June 28, 1943, 
are given in table 9. Average monthly water levels in well 37 from

TABLE 8.- -Pumpage from wells at Willow Run Townsite, in gallons per month, 
March 1943 to June 194-5 ]

Month

1943

July.     .    -        --

December

1944

July-...              

1945

Wiard Road field

Well 36 
(FPHA 2)

0 
0 
0 

10, 350, 000 
4, 750, 000 
3, 250, 000 
4, 100, 000 

75,000 
2, 400, 000 

50, 000

25,000 
0 
0 
0 
0 

5, 086, 500 
14, 025, 000 

±13, 500, 000 
11, 400, 000 
11, 868, 750 
11, 475, 000 
11, 456, 250

12, 750, 000 
14, 081, 250 
14, 100, 000 
13, 113, 750 
11, 568, 250 
9, 487, 000

Well 39 
(FPHA 3)

7, 650, 000 
6, 750, 000 
6, 300, 000 
6, 300, 000 
7, 550, 000 
4, 850, 000 
1, 500, 000 
6, 450, 000 
1, 200, 000 
8, 850, 000

7, 550, 000 
6, 022, 200 
9, 940, 800 
8, 932, 800 

11, 310, 000 
8, 250, 000 

. 2,130,000 
2, 793, 000 
1, 320, 000 
1, 065, 000 
1, 335, 000 
1, 935, 000

2, 550, 000 
1, 410, 000 
2, 340, 000 
2, 400, 000 
2, 430, 000 
1, 755, 000

Prospect and 
Geddes Road 

field

Well 26 
(FPHA 5)

0 
0 
0 
0 
0 

10, 250, 000 
10, 400, 000 

8, 150, 000 
11, 150, 000 
4, 200, 000

6, 600, 000 
6, 123, 600 
2, 457, 000 
3, 640, 200 
3, 330, 000 
2, 325, 000 
1, 635, 000 
2, 100, 000 
1, 440, 000 
1, 155, 000 

120,000 
60,000

0 
0 
0 
0 
0 
0

Total pumpage

7, 650, 000 
6, 750, 000 
6, 300, 000 

16, 650, 000 
12, 300, 000 
18, 850, 000 
16, 000, 000 
14, 675, 000 
14, 750, 000 
13, 100, 000

14, 175, 000 
12, 145, 800 
12, 397, 800 
12, 573, 000 
14, 640, 000 
15, 661, 500 
17, 790, 000 

±18, 393, 000 
14, 160, 000 
14, 088, 750 
12, 930, 000 
13, 451, 250

15, 300, 000 
15,491,250 
16, 440, 000 
15, 513, 750 
13, 998, 250 
11, 242, 000

1 Figures are approximate. Those for March 1943 to January 1944, inclusive, are based on rates of pumping 
observed in tests and on consumption of electric current. Figures for February 1944 to June 1945, inclusive, 
are based on rates of pumping observed in tests and on duration of pumping: 420 gallons per minute for wells 
39 and 26 to Apr. 28, 1944, and 500 gallons per minute thereafter; 625 gallons per minute for well 36. These 
figures are reported by S. J. Shank, of the Federal Public Housing Authority. Figures for wells 39 and 26 
for the period prior to Apr. 28,1944, are not corrected for calibration made on that date.

July 1944 to June 1945, inclusive, are given in table 10. Average 
monthly water levels in well 26 (FPHA 5) from February to October 
1944, inclusive, are given in table 11. Data are available for well 39 
(FPHA 3), but, owing to lack of explanation for a reported decline in 
water level of about 12 feet from March 28 to March 29, 1944, there is 
doubt as to the accuracy of the measurements, and the data are 
not included in this report.
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TABLE 9. Water level in well 37 (4-inch test well 2}, in feet below measuring point, 1
April-June 1943

Date

1943 
Apr. 16 !___ _ ........

19-... .........
21
26------.......
28...  .......
29-       

May 3  .... ......
6.   .........
7.............
8        
10-  ... ......
11.        
12_. _ ........
13..   ........
14.............
15  ...... ....
17       . 

Water level

1.1
1.3
1.6

.8

.9
1.0
1.2
1.0
.8
.5
.0
.1
.2
.5

Date

1943 
18        
19.... ...... ...
20.         
21... . . ..-._
22... ......_.-
26

2..
3..
4-. .......---
5.-. ..........
7... ....... ...
8-..   ... ....
9.        
10.       
11-....      

Water level

0.7
.2
.0
.2
.0
.0

Date

1943

13.............
14.-...     ...
15        
16        
17.....     ...
18      -  
19...        
21..   ........
22......... __
23--.-.   ....
24.     .......
25       
26         
27--... _ .. ...
28        

Water level

0.2
.5

1.2
1.4
1.4
1.6
1.4
2.0
2.5
2.0
2.0
2.5
2.0
2.5
4.0
3.0

1 Top of 4-inch casing about 0.6 foot above land surface; altitude 729.71 feet above mean sea level.
2 Well 36 (FPHA supply well 2

TABLE 10.- Average mon 
below m

Month

1944

Average 
water level

5.5
6.5
ft Q

6.4
6.4
6.5

Month

1946

April             

Average 
water level

7.5
7.9
7 O
7 O

6.7
6.8

put into service Apr. 16,1943, with 15-horsepower temporary pump.

hly water level 1 in well 37 (4-inch test well 2) , in feet 
asuring point, 2 July 1944 to June 1945

1 From measurements made daily, 
in feet and inches and converted 
made less accurately than in first 
point (10 feet 6 inches below

2 Top of 4-inch casing about 0.6
July 11,1944, measurements were i lade below top of 3.7-foot e: 
are corrected to original measurin

., generally just before starting pump in well 36. Measurements reported, 
o feet and tenths. In last part of period measurements apparently were 
jart; for example, water level was reported to be 6.8 feet below measuring 

new neasuring point) for each day in June 1945.
foot above land surface and 729.71 feet above mean sea level. Beginning 

ixtension added to casing, but all measurements 
point.

TABLE 11.- mon 
meas

hly water level 1 in well 26 (FPHA 5], in feet below 
j,ring point,2 February-October 1944

Month

1944

April....           .

Average 
water level

43.3
46.3

40.6

Month

1944 
July               

Average 
water level

38.0
41.5
41.4
38.8

"  From daily measurements ma le just before stopping pump
of air line and altitude gage. 

2 Measuring point is base of pump

Measured to nearest half foot by means 

', about 5 or 6 feet above land surface.

847827 49-
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The earliest available measurements of water level in the townsite 
wells are as follows:

On November 6, 1942, the water level in well 26 (FPHA 5) was 
0.8 foot below the top of the 24-inch casing, which was about a foot 
below the land surface and 780.12 feet above mean sea level; on 
November 11, 1942, just before a pumping test, the water level was 
about 0.5 foot below the top of the casing. Water levels shown in 
table 11 are below a datum about 5 or 6 feet above the land surface.

On November 18, 1942, the water level in well 37 was 1.5 feet 
below the measuring point; on November 29, 1942, after well 36 
(FPHA 2) had been pumped in a test for about 5 days at the rate 
of about 555 gallons per minute and was still being pumped, the 
water level in well 37 was 5.6 feet below the measuring point. The 
pumping water level in well 36 on November 29 was 20.2 feet below 
the top of the 12-inch casing, which was about at the land surface and 
732.0 feet above mean sea level.

On October 9, 1942, the water level in well 39 (FPHA 3) was 3.8 feet 
below the reference point, which was about at the land surface and 
730.94 feet above mean sea level. Measurements discussed later in 
this section are below a datum about 5 or 6 feet above the land surface.

The water levels in the wells have shown only relatively small 
declines since pumping started, and no declines indicating possible 
overdevelopment have been observed. Measurements of the water 
level in well 26 (FPHA 5) are not available for the period since October 
1944. The pumping water level in that well showed a general rise 
during 1944, as a result of a reduction in average daily pumpage 
from about 210,000 gallons in January and February to about 68,000 
gallons in August, 48,000 gallons in September, and 37,000 gallons in 
October. The pumping water level averaged about 47 feet below 
the measuring point in February and about 39 feet in October (table 
11). The specific capacity (yield per unit of drawdown) of well 26 
apparently has increased .since the original pumping test in November 
1942, when the drawdown was more than 50 feet at a rate of about 
500 gallons per minute.

The water level in the vicinity of well 36 (FPHA 2), as shown by 
well 37 nearby, has shown only such decline as might be expected in 
view of the quantities of water pumped from the Wiard Road field. 
The water level in well 37 was 3 to 4 feet below the measuring point 
at the end of June 1943 (table 9). During that month well 36 was 
pumped at the average rate of about 345,000 gallons per day. This 
was the first month since November 1942, when the original test 
was made, in which a large quantity of water was pumped from well 
36. In June 1945 the water level in well 37 averaged about 7 feet 
below the measuring point, after well 36 had furnished about 83
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percent of the water for the townsite for a year and the Wiard Road 
field had furnished essentially all the water for 8 months.

As stated, the pumping water level in well 39 (FPHA 3) showed 
a sudden apparent decline of about 12 feet from March 28 to March 29, 
1944. It is not known whether a gradual decline occurred and was 
finally registered by the air line and altitude gage, which may have 
been obstructed, or whether a change in the reference datum was made 
and not reported by the Federal Public Housing Authority. It is 
unlikely that such a decline actually occurred hi the well in a day.

According to the available data, the pumping water level in well 39 
during the original test in October 1942 was more than 60 feet below the 
datum of the present altitude gage at a rate of 555 gallons per minute. 
The pumping level was reported to be 70 feet below the datum at the 
end of August 1944, which seems reasonable in view of the fact that 
well 39 was the principal source of water for the town site from March 
until the middle of June 1944, when heavy pumping of well 36 was 
begun. Just before the pumping of well 36 began, the pumping 
water level in well 39 was reported to be about 66 feet below the 
datum. When the pumping from well 39 was reduced and the pumping 
of well 36 was begun, the pumping water level in well 39 is reported 
to have recovered to about 63 feet. It then began to decline again, 
presumably as the result of the pumping of well 36. It should be 
pointed out that well 39 is the least productive well in use at the 
townsite, so that larger declines in water level would be expected 
at given rates of pumping than would occur in the other wells. Well 39 
also has a smaller available drawdown than the other wells, as it is the 
shallowest.

The available data on water levels do not show whether there is 
interference between the pumped well in the Prospect and Geddes 
Road field and those in the Wiard Road field. Such interference, if 
it exists, would be small in view of the considerable distance between 
the well fields and the relatively small quantities of water pumped. 
Well 31 (FPHA-USGS 1), directly between the t*ro well fields, showed 
almost no permeable material between the surface and bedrock, 
indicating a probability that little connection through permeable 
material exists between the two well fields.

RecJiarge. The water-bearing sands and gravels underlying the 
Willow Run Townsite are relatively thin.and are overlain by appar 
ently continuous deposits of clay and silt. It would appear from the 
logs of the wells that the water-bearing sands and gravels come to the 
surface at a considerable distance, if at all, and thus that the rate of 
recharge from surface sources is low. There are no sizable streams 
in the vicinity of the townsite wells; thus recharge from streams
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would not-be large even if a connection existed between the surface 
and the water-bearing sands and gravels.

If a continuous blanket of impermeable material overlies the water 
bearing sands and gravels, it would be expected that the water levels 
would have declined considerably since the original pumping tests, 
owing to withdrawal of water from storage. The moderate declines 
in water level in the townsite wells suggest that local recharge 
probably occurs. However, the evidence for local recharge is scant, 
and it is possible that the relatively small quantities of water that 
have been pumped so far may have been derived from storage.

Adequacy of the supply. The results of pumping tests on the wells 
at the Willow Run Townsite are discussed in the section on pumping 
tests.

The fact that only small declines in water level occurred in the wells 
at the Willow Run Townsite during more than 2 years of operation 
indicates that the present rates of pumping can be maintained indefi 
nitely. Whether much larger supplies could be pumped safely is not 
known, but on the basis of past performance it is believed that the 
safe yield of the present wells is 1.0 to .1.5 million gallons per day.

It seems probable that a total perennial supply of about 2 million 
gallons per day could be obtained from the present wells and addi 
tional, properly located wells on the townsite.

If it ever appears that the demand for water at the Willow Run 
Townsite may increase to as much as 2 million gallons per day, it is 
believed that a controlled pumping test should be made on all the wells 
to obtain as much information as possible on the geologic conditions 
as shown by the behavior of the water levels. Several shallow obser 
vation wells should be installed and measured to determine whether 
interconnection exists between the main water-bearing gravels and 
shallower materials accessible to recharge from precipitation. Only 
such a test would make it possible to predict the maximum amount 
of water that can be produced for a specified period and with specified 
pumping levels in the wells. Also, several additional, test wells should 
be drilled to bedrock in and near the townsite to locate sites for addi 
tional supply wells if needed. It should be pointed out that the ground- 
water supply of the Willow Run Townsite has a smaller potential 
capacity than the other two major supplies, because the thickness and 
permeability of the gravels are less, their areal distribution is irregular, 
and conditions of recharge are not as favorable as for the other two 
supplies and eventually may prove to be rather unfavorable.

If a large additional supply is needed for the townsite and adequate 
drilling and pumping tests show it to be impracticable to develop the 
water in or near the townsite, consideration could be given to a plan 
to obtain the needed water from the Willow Run bomber plant and
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possibly to some extent from the Ypsilanti public supply. Considera 
tion should also be given to the areas tested in the drilling program 
of the Federal Works Agency. (See the sections on the test-drilling 
program and the pumping tests, with respect to the availability of 
additional supplies in the areas tested.)

TEST-DRILLING PROGRAM 

INTRODUCTION

In December 1943 the Federal Works Agency awarded a contract for 
the drilling of approximately 10 test wells to the Dunbar and Sons 
Drilling Co. of Delta, Ohio. The contractor was equipped with two 
Bucyrus-Erie cable-tool rigs capable of drilling 6-inch holes to a depth 
of 1,000 feet. In addition, use was made of equipment capable of 
pumping a 6-inch well at the maximum rate of about 350 gallons per 
minute.

The drilling of the first well was begun on January 25, 1944, and 
the eleventh and last well was completed on May 6, 1944. Locations 
of the test wells are showr in plate 1 and also on the detailed well maps 
(pis. 2 and 3; figs. 2 and 4).

In addition to the wells drilled by the Federal Works Agency, two 
4-inch test wells, wells 23 (FPHA-USGS 2) and 31 (FHPA-USGS 1), 
were drilled by the O. Corsaut Drilling Co. on the Willow Run Town- 
site at locations selected by the Geological Survey. The cost of the 
two wells was paid by the Federal Public Housing Authority.

DESCRIPTION OF WELLS

In the following sections the test wells are described and discussed 
in a general way. The detailed logs are given on pages 81-100.

Well 4 (FWA 6). This well was drilled approximately in the middle 
of the Fleming Creek valley, in the SE^NW^ sec. 4, Superior Town 
ship. The altitude at the site is about 830 feet. Wells 4 (FWA 6), 
5 (FWA 7), and 43 (FWA 8) were drilled to test the outwash deposits 
in the Fleming Creek valley, which on the basis of the available 
information formed one of the most promising areas for further 
ground-water development in the vicinity of Ypsilanti.

The uppermost 10 feet of material in well 4 (FWA 6) is clay, sand, 
and gravel of alluvial origin. Below this is 30 feet of silt and clay with 
a few small pebbles. This 30 feet of material may represent till 
deposited by an ice sheet, but might have been deposited in ponded 
water. The material between 40 and 135 feet beneath the surface 
appears to be glacial outwash sand and gravel. If the material 
between 10 and 40 feet is glacial till, the gravel from 40 to 135 feet 
presumably was deposited during a stage prior to the final stage of 
glaciation. Below a depth of 135 feet is sandy and silty clay, probably 
glacial till. The well was stopped at a depth of 190 feet without
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reaching the base of the Pleistocene deposits, owing to the necessity 
of conserving funds for other wells. However, it is probable that the 
well ended not far above the bedrock and that little or no permeable 
material lies below a depth of 190 feet.

The outwash sand and gravel contains two beds of fine to coarse 
permeable gravel, between 90 and 98 feet and 105 and 120 feet, 
separated by 7 feet of sandy silt. Relatively fine gravel with sand 
lies above the upper gravel and below the lower gravel. The sand 
and gravel constitute a rather permeable aquifer from which a sub 
stantial supply of water, up to a million gallons per day, could be 
developed at this site. A pumping test made on well 4 (FWA' 6) is 
discussed in a later section of this report. Following the pumping test 
the casing and screen were removed, and the well was abandoned.

Analyses of two samples of water from the well, taken during the 
pumping test, are given in table 1. The water is hard and contains 
about 1 part per million of iron; it would be suitable for emergency use 
without treatment, except for chlorination if necessary. For long- 
term use iron removal would be desirable; softening would also be 
desirable, though not essential.

Well 5 (FWA 7). The well was drilled in the SE#SW# sec. 8, 
Superior Township, on the south side of U. S. Highway 12 about 0.5 
mile east of the highway bridge over a tributary of Fleming Creek. 
The altitude at the site is approximately 820 feet. This well also is 
approximately in the middle of the Fleming Creek valley.

The uppermost 37 feet of material consists of alluvial sand and 
gravel, representing glacial outwash material deposited between the 
inner and outer ridges of the Defiance moraine. From 37 to 150 feet 
the well penetrated silty clay containing occasional rounded pebbles 
that might be cavings from the surficial sand and gravel. It is not 
clear whether this material is glacial till or represents relatively fine 
grained sediments deposited in ponded water, but its great thickness 
indicates that it is probably till. At a depth of 150 feet the material 
becomes sandy, and below this depth the well apparently is in glacial 
outwash deposits. Fine to medium sand with a little gravel lies 
between depths of 180 and 190 feet, and fine to medium gravel with 
sand from 190 to 202 feet. A mixture of sand and gravel with clay 
extends from 202 to 216 feet. The well did not completely penetrate 
the Pleistocene deposits, but the bedrock probably is not far below the 
bottom of the well, and it seems likely that little permeable material 
lies at a depth greater than 216 feet. The well was abandoned at a 
depth of 216 feet, and the casing was withdrawn.

The sand and gravel extending to a depth of 37 feet is favorably 
situated for absorbing water from precipitation. However, the zone of 
saturation is probably thin, as the nearby streams have cut into the
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surficial materials to altitudes of 800 to 810 feet and the sand and' 
gravel may be rather thoroughly drained. The principal function of 
the shallow sands and gravels would be to recharge any permeable 
materials at greater depths with which they may be connected.

The bed of sand and gravel between 180 and 202 feet would yield 
a moderate supply of water to a properly constructed well, preferably 
screened through the entire thickness of the bed. It is not known 
whether the deeper sands and gravels are connected with the shallow 
materials in the immediate vicinity, but it is possible that at least a 
distant connection exists. It should be possible to develop a supply 
of a few hundred thousand gallons per day at this site for at least a 
year or two. If it is necessary to develop additional supplies in the 
Fleming Creek valley for the Willow Run Townsite or other users at 
Ypsilanti, the site of well 4 (FWA 6) would be preferable to that of 
well 5 (FWA 7). Additional good sites in the valley doubtless could 
be located by drilling more test wells.

Well 16 (FWA 9}. The well was drilled in the SWtfSWtf sec. 32, 
Superior Township, on the property of the Detroit Edison Co. The 
altitude of the site is about 720 feet. The well was drilled to deter 
mine whether permeable deposits underlie the Huron River valley 
throughout its course above Ypsilanti. It penetrated no permeable 
sand and gravel except near the surface. Below a depth of 10 feet 
the material is clay and silt with some muddy sand and gravel. It is 
not certain whether all the material is of fluviatile origin or whether 
some of it is glacial till. Two interpretations are possible: either the 
Huron River has not cut away deposits of glacial drift at the well site, 
or, if the river has cut away the drift, it has been replaced by fine 
grained material deposited in ponded water. The well, although it 
penetrated no highly permeable water-bearing material, had a slight 
flow under artesian pressure. However, this does not help to identify 
the material penetrated. The artesian head could be derived from a 
part of the valley some distance upstream, if the deposits are alluvial, 
or from the upland on either side of the valley if the material is glacial 
drift that has not been removed by the river.

Bedrock apparently was struck in well 16 (FWA 9) at a depth of 
about 85 feet. The rock is greenish-gray sandstone, presumably a 
sandstone in the Coldwater shale or the Berea sandstone. The well 
was abandoned at a depth of 96% feet, and the casing was withdrawn.

Well 19 (FWA 4). The well is in the NWtfNWtf sec. 33, Superior 
Township, on LeForge Road about 50 feet south of the intersection 
with Geddes Road and at an approximate altitude of 792 feet. The 
well is in a shallow valley cut into Wisconsin till (boulder clay). It 
was drilled to test the area of ground moraine (till plain) between the
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edge of the glacial lake beds to the southeast and the morainic area 
to the northwest.

The uppermost 10 feet of material is oxidized yellow clay, below 
which is gray till to a depth of 80 feet. An arm of glacial Lake 
Maumee formerly extended up the valley in which the well is situated, 
perhaps to the well s^te; thus the topmost material may be lake clay. 
From 80 to 130 feet the drift consists of sand and gravel with a matrix 
of silt and clay, except between depths of 97 and 103 feet where clean 
permeable gravel was penetrated. From 130 to 158 feet clayey till 
was penetrated, and at 158 feet light-gray clayey shale, possibly the 
Coldwater shale, was penetrated. The well was abandoned in shale 
at a depth of 170 feet, and the casing was withdrawn.

The gravel between depths of 97 and 103 feet might yield from a 
hundred to several hundred gallons per minute to a properly con 
structed well. However, the bed of sand and gravel may occupy only 
a small area, and if so the yield of the well might decline considerably 
after a time. The site is about a mile from the northwest corner of the 
Willow Run Townsite, and development of a water supply would be 
justified only if the demand for water at the townsite becomes very 
great! Possibly better sites could be located by drilling test wells 
along Geddes Road between well 19 (FWA 4) and the northwest 
corner of the townsite.

Well 23 (FPHA-USGS 2\ The well was drilled in the NWtfNWtf 
sec. 34, Superior Township, on the Willow Run Townsite, just east of 
Prospect Road and 0.4 mile north of Clark Road. It was located 
near the top of the first or highest beach ridge of glacial Lake Maumee 
at an altitude of about 795 feet. The site is across Prospect Road 
from a successful domestic well, and the test well was drilled to deter 
mine whether the water-bearing material is sufficiently thick, perme 
able, and extensive to permit development of additional supplies for 
the townsite if necessary.

The uppermost materials penetrated by the drill are lake sands 
and clays, which overlie deposits of glacial drift that consist of clay 
with some sand. The boundary between the lake beds and the glacial 
drift is uncertain but may be at a depth of about 60 feet. From 60 to 
80 feet the well penetrated medium to fine gravel with sand and silt. 
This material was stated by the driller to be "dry" but undoubtedly 
contained water. However, its texture is such that it probably 
would yield water slowly. From 80 to 91% feet the well penetrated 
medium sand, called "water sand" by the driller. No permeable 
material was penetrated below 91^ feet. Sandstone, presumably a 
sandstone in the Coldwater shale but possibly the Berea sandstone, 
was struck at 190 feet. The well was abandoned at a depth of 197 
feet, and the casing was withdrawn.
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The material above a depth of 91K feet might yield a moderate 
supply of water to a properly constructed well, perhaps 50 to 100 
gallons per minute. Probably a large supply is not available at this 
site.

Well 31 (FPHA-USGS 1}. The well was drilled on the Willow 
Run Townsite in the SW#NW# sec. 35, Superior Township, at a 
location about 270 feet east of Harris Road and about 0.4 mile south 
of Geddes Road. The altitude at the site of the test well is approx 
imately 760 feet. It was drilled to test a previously untested part of 
the townsite.

The uppermost materials penetrated by the drill are deposits of 
lake sand and clay. According to the geologic map in folio 155 of the 
Survey's Geologic Atlas (Russell and Leverett, 1908), the well is on 
or near the lowest beach of glacial Lake Maumee. Below a depth of 
60 feet is silty and gravelly clay, apparently unstratified, to a depth of 
185 feet, where the bedrock was penetrated. The uppermost materials 
of the bedrock are blue clay and shale, presumably representing the 
Coldwater or Sunbury shale.

No permeable water-bearing sand or gravel was penetrated by the 
well, so that additional water supplies for the townsite are not available 
at this site. The casing was withdrawn, and the well was abandoned.

Well 43 (FWA 5). The well was drilled in the S$SWtf sec. 25, 
Ann Arbor Township, on Geddes Road about 100 feet west of a 
schoolhouse. The altitude of the site is about 810 feet. The well is 
at the junction of the Fleming Creek valley with the present valley 
of the Huron River.

The surficial material at well 43 (FWA 8) is similar to that pene 
trated by wells 4 (FWA 6) and 5 (FWA 7). It comprises glacial out- 
wash sand and gravel and extends to a depth of 42 feet. From 42 
to 80 feet the well penetrated pebbly clay, which appears to be glacial 
till but might be, in part, fine-grained material deposited in relatively 
quiet waters. From 80 to about 183 feet is a thick section of out- 
wash gravel with considerable sand in the interstices. Below a 
depth of 183 feet fine gravel with silt and clay extends to the bottom 
of the well at a depth of 197 feet. The drillings from depths greater 
than 190 feet contained fragments of sandstone, and it is possible that 
the base of the Pleistocene may have been reached at a depth of 190 
feet. However, the sandstone may exist as pebbles or boulders in 
the drift, so that bedrock may be somewhat deeper.

A 10-foot screen was set between depths of 167}£ and 177K feet, and 
a pumping test was made on the well. The pumping test and the 
water-bearing characteristics of the sand and gravel are discussed in a 
later section. The casing and screen were left in the hole.
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An analysis of a sample of water taken from the well during the 
pumping test is given in table 1. The high iron content and hardness 
would make iron removal and softening desirable, but the water could 
be used in an emergency without treatment, except for chlorination 
if necessary.

Well 48 (FWA 8}.~The well is in the NEtfSEK sec. 4,Ypsilanti 
Township, near the southwest corner of Holmes and Prospect Roads. 
The altitude at the site is about 770 feet. The well is in an area in 
which several successful domestic wells have been constructed. It 
was drilled to determine whether supplementary supplies could be 
developed for the townsite, if necessary, without going far from the 
townsite boundary.

The uppermost 30 feet of material consists of sand and gravel, 
presumably part of a delta deposited in glacial Lake Maumee. Below 
the delta deposits is glacial drift containing about 10 feet of fine silty 
sand between 90 and 100 feet. Sandstone, presumably the Berea 
sandstone, was penetrated at a depth of about 161 feet. The well 
was abandoned at a depth of 163 feet, and the casing was withdrawn.

The sand and gravel above a depth of 30 feet may be rather thor 
oughly drained. It might yield sufficient water for domestic wells, 
but the water probably is subject to pollution from surface sources. 
The fine sand between depths of 90 and 100 feet might yield an ade 
quate supply to domestic wells, but moderate or large supplies could 
not be obtained at this site.

Well 72 (FWA 10}. The well was drilled in the NE# sec. 9, 
Ypsilanti Township, in the center strip of River Street south of the 
intersection with North Street. The altitude at the site is 710 feet. 
The well was drilled to obtain information on the areal extent of the 
gravels penetrated by the Ypsilanti public-supply wells, the possibility 
of developing additional supplies if needed, and the conditions under 
which the gravels penetrated by the Ypsilanti public^supply wells 
are recharged.

The uppermost 49 feet of material consists of alluvial sand and 
gravel, presumably deposited by the Huron River. However, the 
lower part of the material may be glacial outwash. Below a depth 
of 49 feet is gray clay, which extends to bedrock at a depth of 90 feet. 
The bedrock is gray sandstone, presumably the Berea sandstone. 
Rather coarse gravel was penetrated between 20 and 34 feet and 
between 44 and 49 feet. The water table is about 25 feet below the 
surface, so that the uppermost part of the coarse material between 20 
and 34 feet is unsaturated.

A 3-foot screen was set between depths of 46 and 49 feet, and the 
well was left in place for observation purposes. A pumping test was 
initially planned but was not made because of the relatively small
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thickness of saturated sand alnd gravel and the desirability of saving 
funds for other tests. A domestic or small industrial supply of water 
could be obtained at this site, but the available quantity of water 
would be inadequate for a public-supply or other large-capacity well.

Measurements of water level made in well 72 (FWA 10), shown 
graphically in figure 3, indicate that the water-bearing gravels pene 
trated by the Ypsilanti public-supply wells are accessible to recharge 
from surficial sands and gravels. This is discussed in the section on 
the Ypsilanti public supply.

Well 73 (FWA 14). The well is in the SE/4 NE}£ sec. 9, Ypsilanti 
Township, at the south end of the State Police building in Gilbert 
Park at the southwest corner of Michigan Avenue and Park Street. 
The altitude at the site is about 710 feet. The well was drilled to 
obtain information concerning the continuity of the gravels penetrated 
by the Ypsilanti public-supply wells.

Sand and gravel similar to that in well 72 (FWA 10) was penetrated 
from the surface to a depth of 30 feet. From 30 to 50 feet the well 
penetrated pebbly gray clay. It is not certain whether this material 
is unsorted alluvium or glacial till. From 50 to 75 feet is fine to coarse 
sand. Five feet of silt and fine sand was penetrated between 75 and 80 
feet, below which is 3 feet of gravel. Next below this is 7 feet of pebbly 
sand, silt, and clay, ending at 90 feet. Between 90 and 95 feet is 5 
feet of clean gravel, below which is pebbly silt and clay to a depth of 
125 feet. Bedrock, consisting of gray-green sandstone, presumably the 
Berea, is believed to have been struck at 125 feet. The drillings from 
125 to 130 feet also contained clay and water-worn pebbles, which 
probably were cavings. If the clay and pebbles were in place, bedrock 
obviously was not reached and the sandstone was also in the form of 
pebbles. The well was stopped at a depth of 130 feet.

The lower part of the sand and gravel that extends from the surface 
to a depth of 30 feet is probably saturated with water, but only small 
supplies could be recovered from this material by means of wells. 
Below a depth of 30 feet the only water-bearing gravels are those 
from 80 to 83 feet and from 90 to 95 feet. These gravels, together 
with the sand between 50 and 75 feet, would yield a moderate supply 
of water to a properly constructed well, but a large supply could not 
be obtained.

A 5-foot screen was set in the gravel between 90 and 95 feet, and a 
pumping test was made. The results of the test are discussed in 
another section. A sample of water was taken during the pumping 
test, and an analysis of it is given in table 1. The water is moderately 
hard. The iron content is shown as zero; the sample for determination 
of iron was decanted from the main sample, and any iron that may 
have been in solution had been precipitated. The water would be
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suitable for emergency use without treatment, but only a relatively 
small supply could be developed at this site.

Periodic measurements of water level in well 73 (FWA 14) have 
been made since August 1944 (table 7). The measurements indicate 
that the water level in well 73 is affected by the pumping of the 
Ypsilanti public-supply wells. This in turn indicates that the water 
bearing materials penetrated by well 73 are connected with those 
penetrated by the public-supply wells, as are those penetrated by well 
72 (FWA 10).

During the period April-June 1945 the water level in well 73 ranged 
from 30.16 to 31.85 feet below the measuring point when well 76 
(city well 2) was being pumped and from 33.52 to 35.15 feet when 
well 77 (city well 3) was being pumped. It is believed that the fact 
that the water level in well 73 is consistently lower when well 77 is 
pumped than when well 76 is pumped is good evidence of connection 
between the materials penetrated by well 73 and those penetrated 
by the public-supply wells. The reason for the lower water level 
during the pumping of well 77, which is farther from well 73 than is 
well 76, is that well 77 yields about 2 million gallons per day as com 
pared with about 0.8 million gallons per day for well 76.

In March 1945 the water level in well 73 ranged from 32.90 to 
34.02 feet below the measuring point when well 76 was being pumped. 
This approaches the range observed later when well 77 was pumped. 
However, it is believed that this is explained by the fact that the 
water levels in all the observation wells in Ypsilanti were at or near 
their seasonal low stages in March.

Well 91 (FWA 11}. The well is in the SE#SE# sec. 15, Ypsilanti 
Township, about 15 feet north of Ford Lake on a point of land jutting 
into the lake. The altitude at the site is about 687 feet. Wells 91 
(FWA 11) and 99 (FWA 12) were drilled to determine whether 
coarse gravels such as those penetrated by the bomber-plant wells 
extend beyond the area flooded by the lake; both wells showed that 
the gravels do not underlie the terrace at the north edge of the lake, 
although they may underlie the lake itself.

The uppermost 25 feet of material in well 91 (FWA 11) consists of 
yellow sand, gravel, and silt, probably deposited by the Huron River. 
From 25 to 85 feet the well penetrated pebbly clay, probably glacial 
till. From 85 to 113 feet is fine to medium sand, some of it silty. 
From 113 to 125 feet is sticky gray clay, possibly weathered shale, 
below which is hard dark-brown shale, probably the Antrim shale. 
Domestic supplies of water could be obtained from the sand between 
85 and 113 feet, but industrial supplies would not be available at 
this site. The well was abandoned in shale at a depth of 140 feet, 
and the casing was withdrawn.
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Well 99 (FWA 12}. The weH is in the NW#SE# sec. 23, Ypsilanti 
Township, at the extreme southwest end of a point jutting into Ford 
Lake, about 0.5 mile west of the Ford Rawsonville dam. The altitude 
at the site is about 685 feet.

Silty yellow alluvium, probably deposited by the Huron River, was 
penetrated from the surface to a depth of 15 feet. From 15 to 60 
feet the well penetrated silty and sandy clay. Fine silty sand was 
penetrated between 60 and ^5 feet, and pebbly clay, probably till, 
from 75 to 95 feet. Gray clay with pebbbles of shale was penetrated 
between 95 and 100 feet, below which was weathered shale to the 
bottom of the well at 115 feet. The base of the Pleistocene deposits 
probably is at a depth of 100 feet.

The well penetrated no materials of moderate or high permeability. 
It was abandoned at a depth of 115 feet, and the casing was withdrawn.

Well 117 (FWA 13). The well is in the E#SW# sec. 24, Ypsilanti 
Township, 50 feet south of the Huron River and just east of the toe 
of the Ford Rawsonville dam, opposite the bomber-plant well field. 
The altitude at the site is 658 feet. The well was drilled to determine 
whether large-capacity wells could be obtained at the south side of 
the Huron River.

The uppermost material penetrated by the well consists of alluvial 
sand and gravel, most of it somewhat silty. Clean sand and gravel 
was penetrated between 30 and 78 feet, where cemented gravelly 
hardpan 2 feet thick was struck. The hardpan is equivalent to that 
struck at the same altitude in well 113 (bomber-plant supply well 2). 
Below the hardpan to a depth of 95 feet is sand and gravel, some of it 
cemented and of low permeability, containing water relatively high 
in chloride. Bedrock, consisting of limestone with chert, was struck 
at 95 feet and penetrated to a depth of 100 feet, where the well was 
stopped. The bedrock formation is presumably the Traverse forma 
tion.

The sand and gravel between 30 and 78 feet includes about 30 feet 
of medium to coarse clean gravel of high permeability. A 5-foot 
screen was set between depths of 69 and 74 feet, and a pumping test 
was made. The water-bearing characteristics of the sand and gravel 
are discussed in the section on pumping tests. The casing and screen 
were left in place for observation purposes.

A sample of water taken when the well was at a depth of 100 feet 
represents the water from the section between 90 and 100 feet. Two 
samples were taken during the pumping test, representing water in 
the main gravel above a depth of 78 feet. The analyses are given in 
table 1. The water from the sand and gravel below the hardpan 
contained 160 parts per million of chloride, whereas the two samples 
from the main water-bearing gravel contained only 11 parts per million
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of chloride. The deeper water is higher in both total and noncar- 
bonate hardness than the shallower but contains less iron. The 
samples taken from the main gravel near the beginning and end of 
the pumping test contained 1.5 and 2.5 parts per million of iron, 
respectively, whereas that from the deeper gravel contained only 0.1 
part per million of iron. The reason for the difference in iron content 
between the two samples taken from the main gravel during the 
pumping test is not known, but the difference probably is not signifi 
cant.

Well FWA 5. A site for a well to be known as well FWA 5 was 
tentatively located on Cherry Road 0.25 mile east of Stommel Road 
in the S% sec. 16 or N% sec. 21, Superior Township. The well was 
intended to test the morainic deposits between the till plain on the 
southeast and the glacial deposits in the Fleming Creek valley to 
the northwest. However, in view of the desirability of saving funds 
for wells 117 (FWA 13) and 73 (FWA 14), well FWA 5 was not 
drilled.

Summary. Table 12 summarizes the availability of additional 
water at the sites of the FWA and FPHA test wells. The estimates 
are based on the thickness and general appearance of the water 
bearing materials penetrated by the wells. Estimates for wells 4 
(FWA 6), 43 (FWA 8), 73 (FWA 14), and 117 (FWA 13) are also 
based on the pumping tests.

TABLE 12. Availability of additional water at FWA and FPHA test-well sites

Well No.

4 (FWA 6)-         .
5 (FWA 7)...   ................
16 (FWAS)--.. .................
19 (FWA 4).. ...................
23 (FPHA-USGS 2).............
31 (FPHA-USGS 1).............
43 (FWA 8).. __ ...... _ ......
48 CFWAS). ....................
72 (FWA 10).--..-.-   ..
73 (FWA 14).....-... ...... ....
91 (FWAll)...   ........ ......
99 (FWA 12)....................
117 (FWA 13).. ...... ...........

Approximate quantity of water 
initially available (gallons per 
day)

Up to 1,000,000       

100,000 to 200,000       

500,000 to 1,000,000      

Possibly 50,000              

Prospects for continued supply at 
initial rate

Fair.

Do.

Fair.
Do.

Do.

PUMPING TESTS 

INTRODUCTION

Pumping tests were made on 4 of the 11 test wells drilled by the 
Federal Works Agency in order to determine the transmissibility 
(ability to transmit water) of the water-bearing sands and gravels 
penetrated by the wells. The wells selected for pumping tests were 
wells 4 (FWA 6), 43 (FWA 8), 73 (FWA 14), and-117 (FWA 13).
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The test wells were drilled mainly for geologic information, and 
comprehensive pumping tests were not planned because of lack of 
time and personnel and because it appeared that development of 
supplementary ground-water supplies in the areas tested would be 
necessary only if the demand for water became considerably greater 
than at the time the wells were drilled. Arrangements therefore 
were made for only such tests as could be made on the test wells 
themselves. Three of the tests were reasonably successful, but the 
fourth, that on well 73 (FWA 14), was inconclusive.

Tests made on the bomber-plant and Willow Run Townsite wells 
by Hubbell, Roth, and Clark, and on the new Ypsilanti public-supply 
wells by Shoecraft, Drury, and McNamee, also are discussed in this 
section.

Two of the fundamental properties of a water-bearing material with 
respect to its ability to yield water to wells are its permeability and 
storage capacity. Permeability is defined as the volume of flow per 
unit time per unit cross section of the material per unit hydraulic 
gradient. For field use permeability may be expressed as the number 
of gallons of water per day that will flow through each mile of the 
water-bearing bed (measured at right angles to the direction of flow) 
for each foot of thickness of the bed and each foot per mile of hy 
draulic gradient under the prevailing conditions of temperature.

The product of the permeability and the thickness of the water 
bearing bed is termed transmissibility. The transmissibility of an 
aquifer may be expressed as the rate of flow, in gallons per day, through 
each mile of water- bearing bed (measured at right angles to the direc 
tion of flow) for each foot per mile of hydraulic gradient.

The storage capacity of an aquifer is measured by its coefficient of 
storage, which is defined as the volume of water released from storage 
in a vertical prism of the aquifer of unit cross section by a unit decline 
in head. For field use the coefficient of storage may be expressed as the 
amount of water, in cubic feet, released from storage in each vertical 
prism of the aquifer with a cross-sectional area of 1 square foot as the 
head declines 1 foot. Under water-table conditions the coefficient of 
storage approaches the specific yield, which may be expressed as the 
ratio of (1) the volume of water which, after being saturated, the 
material will yield by gravity to (2) its own volume.

Through the use of formulas developed for ground-water work under 
the direction of C. V. Theis, L. K. Wenzel, C. E. Jacob, and others of 
the Geological Survey, the transmissibility and storage coefficient of 
an aquifer can be determined by means of pumping tests and can be 
used to predict the effect of pumping a given quantity of water for any 
given period, both on the pumped wells themselves and on other wells 
penetrating the aquifer (Wenzel, L. K., 1942). The formulas also
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can be used to determine the quantity of water that can be pumped 
from a given well or wells with specified drawdowns in the pumped 
wells or in other wells. It is evident, therefore, that adequate pump 
ing tests permit making quantitative estimates of the water supply of 
any aquifer.

In order t& determine the coefficient of storage it is necessary to 
have at least one observation well in addition to the pumped well. The 
transmissibility can be determined from measurements made in one 
or more observation wells or in the pumped well itself if other wells 
are not available. It was not practicable to provide observation wells 
in addition to the pumped wells drilled by the Federal Works Agency, 
and therefore it was not possible to determine the coefficients of storage 
for the materials penetrated by the pumped wells. However, the 
value for transmissibility alone is useful in indicating the productive 
ness of the material and the spacing required between wells for given 
rates of pumping. The coefficients of storage determined from the 
results of pumping tests made by Hubbell, Roth, and Clark and by 
Shoecraft, Drury, and McNamee are given in the discussion of those 
tests at the end of this section.

TESTS ON FWA WELLS

Well 4 (FWA 6). This well was equipped with a 10-foot screen 
with 0.125-inch slots (so-called 125-slot screen), set at a depth of 109 
to 119 feet below the floor of the rig (roughly 108 to 118 feet below the 
land surface), in the coarsest and cleanest gravel penetrated by the 
well. On April 1, 1944, the well was pumped for 6 hours at the aver 
age rate of 180 gallons per minute, followed by 6 hours at the average 
rate of 310 gallons per minute, after which the pump was stopped and 
the water level was allowed to recover. Measurements of the depth 
to water level were made at intervals before, during, and after the 
periods of pumping (see fig. 5) below the top of the well casing, 0.5 
foot above the rig floor and 1.4 feet above the land surface.

Computations of transmissibility from the drawdown curves give 
values of about 55,000 to 60,000 gallons per day per foot. Computa 
tion from the latter part of the recovery curve gives a value of about 
75,000 gallons per day per foot, but the first part of the recovery curve 
gives values ranging from 116,500 to 133,500, depending on the selec 
tion of the points through which straight lines are drawn when the 
drawdown is plotted against the logarithm of time (Jacob, C. E., 1946). 
It seems probable that the higher values are more nearly correct, as 
indicated below.

Although it is not possible to determine the coefficient of storage S 
without data from another well, the product rw*S (effective radius of 
the well, squared, times the coefficient of storage) can be determined
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from the pumped well if the head" loss in the screen (screen loss) is 
known (Jacob, 1946). It is possible to estimate the screen loss when 
the well is pumped at more than one rate. This was done for well 4 
(FWA 6), and the screen loss was found to be about 1 foot at the rate 
of 180 gallons per minute and about 3 feet at the rate of 310 gallons 
per minute.

If the drawdown or recovery, minus screen loss, is plotted against 
the logarithm of the time of pumping or recovery, the intersection of 
a straight line drawn through the plotted points with the line of zero 
drawdown or recovery gives the value of rw2S (Jacob, 1946). Use of 
the lines giving values of 55,000 to 60,000 gallons per day per foot for 
transmissibility gives a value of about 8.5 for r^S, an improbably 
high value because, for any reasonable value of S, the effective radius 
would be several feet. In view of the fact that the well was screened 
through only 10 feet of the aquifer, the effective radius may be even 
less than the actual radius that is, less than 0.25 foot. Use of the 
line giving a value of about 75,000 gallons per day per foot for trans 
missibility gives a value of about 3.25 for rw2S, still an improbably 
high value. Use of a transmissibility of 133,500 gallons per day per 
foot, the highest that can reasonably be obtained from the observed 
data, gives a value of about 0.47 for ru2S. This still seems rather 
high, as a value of about 0.25 for S, which would indicate water-table 
conditions in a coarse and uniform material, would require an effective 
radius of 1.37 feet, which is doubtless too high.

Inasmuch as lines on the graph that would give more probable values 
of rw2S would indicate a transmissibility considerably higher than 
133,500 gallons per day per foot, the general conclusion is that the 
values for transmissibility determined from the observed data are less 
than the true value. From this conclusion it is inferred that the 
aquifer at well 4 (FWA 6) may be quite limited in areal extent, be 
cause sucli a limitation would tend to cause the apparent value of 
transmissibility obtained from a pumping test to be less than the true 
value. The 23 feet of coarse material in well 4 (FWA 6) appears to 
be coarser and more permeable than the coarse material in well 117 
(FWA 13), which is believed to have a permeability of 10,000 gallons 
or more per day per square foot. A transmissibility of 133,500 gallons 
per day per foot at well 4 (FWA 6) would limit the average permea 
bility of the 23 feet of coarse material to less than 6,000 gallons per 
day per square foot. If the true value for permeability is consider 
ably greater than this, as seems likely from visual comparison of the 
material with that from well 117 (FWA 13), the transmissibility 
would be greater than 133,500 gallons per day per foot, which tends 
to support the inference drawn from the observed values of rw2S.
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Although the coarse gravels penetrated by well 4 (FWA 6) may 
extend over only a small area, it is believed that the glacial material 
underlying the Fleming Creek valley contains many lenses and 
stringers of coarse gravel deposited from glacial meltwaters and that 
these gravels may be largely interconnected. That the sand and 
gravel found in well 4 (FWA 6) between depths of 85 and 135 feet 
does not persist at these depths throughout the Fleming Creek valley 
is suggested by the results of the pumping test and confirmed by the 
log of well 5 (FWA 7), which shows gravel only near the top and 
bottom. On the other hand, it is not certain that the coarse gravels 
are limited to the present valley, which has an average width of slightly 
more than half a mile. Leverett (Leverett and Taylor, 1915; Russell 
and Leverett, 1908) believed that the bulk of the glacial moraines in 
the area were deposited during a stage preceding the final stage of 
glaciation. Thus the intermorainic strip now occupied by Fleming 
Creek may have been wider during the previous stage, so that per 
meable deposits may extend beyond the limits of the present valley.

At best, however, the gravels underlying the Fleming Creek valley 
constitute an aquifer of limited extent, and the prospects of develop 
ing large supplies of water from wells in the valley depend on the 
recharge conditions. The logs of wells 4 (FWA 6), 5 (FWA 7), and 
43 (FWA 8) indicate that moderately permeable sands and gravels 
lie at the surface and are accessible to recharge from precipitation. 
Less permeable materials lie below the surficial sands and gravels, 
but these materials may not persist as an unbroken stratum through 
out the valley, so that at some places the deeper-lying sands and gravels 
may be connected with, and accessible to recharge from, the surficial 
materials. Additional test drilling and pumping tests might reveal 
some places near Fleming Creek where the upper and lower gravels 
are of substantial thickness and are interconnected. In addition to 
recharge from precipitation, recharge from Fleming Creek would occur 
at such places if wells were drilled near the stream and pumped 
heavily.

The results of the pumping test on well 4 (FWA 6) and the available 
information on the geologic conditions indicate that, although a large 
initial supply of water could be developed at this site, the yield would 
decrease in time, owing to the limited extent of the aquifer. Never 
theless, it is believed that a supply of about a million gallons per day 
could be developed for at least a few years. If a large-capacity well 
is installed for water supply, several observation wells should also be 
drilled and a thorough pumping test made to determine the quantity 
of water available and the distance at which additional wells, if any, 
should be spaced.
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Well 43 (FWA 8}. The well was equipped with a 10-foot 125-sloi 
screen set at a depth of 168^ to 178K feet below the rig floor or about 
167^ to 177% feet below the land surface. The screen was set near 
the base of a thick bed of sand and gravel, which extended from about 
80 to 183 feet below the surface. On April 21, 1944, the well was 
pumped for 12 hours at the average rate of 300 gallons per minute, 
after which the pump was stopped and the water level was allowed to 
recover. Measurements of the depth to water level were made before, 
during, and after pumping (see fig. 6) below the top of the casing, 
0.18 foot above the rig floor and 1.0 foot above the land surface.

The drawdown curve for well 43 (FWA 8) indicates that the 
aquifer is limited in extent. When the drawdown is plotted against 
time on semilogarithmic paper, the points should fall on a straight 
line, but for well 43 (FWA 8) the points trace a curve that becomes 
steeper with time, which would be expected if the aquifer is bounded 
~by material of low permeability within a short distance of the well. 
Depending on the selection of points through which a straight line 
is drawn for the graphical determination of transmissibility, the values 
determined from the drawdown curve range from 4,500 to 15,000 
gallons per day per foot.

The recovery curve, as shown in figure 6, is abnormal in appearance. 
When the recovery is plotted against time on semilogarithmic paper, 
the points do not follow a straight line and the curve falls a consider 
able distance from that for the drawdown, whereas the two curves 
should coincide. The value for transmissibility determined from the 
slope of the first part of the recovery curve is about 40,000 gallons per 
day per foot, and that determined from the latter part of the curve is 
about 10,000 gallons per day per foot. Probably the higher value is 
more nearly correct. The data suggest that the coefficient of storage 
changed considerably during the test, which would tend to throw off 
the value for transmissibility determined from the observed data. 
Also, the water level recovered to the original static level within about 
40 hours after pumping stopped and continued to rise, reaching a 
position 0.15 foot above the original static level at the time of the last 
measurement, 62 hours after pumping stopped. This might indicate 
that fluctuations in water level due to extraneous factors, such as 
fluctuations in atmospheric pressure, occurred during and after the 
test. However, the fact that the water level was nearly constant 
before pumping started shows that barometric fluctuations would be 
small and measurable fluctuations due to pumping of other wells 
probably would be nonexistent. It therefore appears that a change 
in the coefficient of storage during the test is the most probable cause 
of the abnormal recovery in water level. Such a change might be due 
to compaction of the water-bearing material or associated sediments
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as a result of the lowering in water level caused by pumping. Well 43 
(FWA 8) is probably the first well of moderately large capacity ever 
installed and pumped in the vicinity.

The general conclusion from the pumping test on well 43 (FWA 8) 
is that the true value for transmissibility is higher than the observed 
values, but that the aquifer is limited in areal extent. This limitation 
would reduce the perennial yield of a well at this site, perhaps to a 
low figure. However, it is believed that, owing to the thickness of 
the aquifer, the amount of water in storage must be quite large even 
if the areal extent of the aquifer is small, and a supply of 500,000 
gallons a day or more probably could be pumped at this site for at least 
a year.

The main water-bearing sand and gravel at well 43 (FWA 8) is 
overlain by about 40 feet of clay and silt, above which is about 40 feet 
of sand and gravel extending to the surface. The conditions appear 
to be favorable for recharge of the shallow sand and gravel from pre 
cipitation, but if the bed of silt and clay above the lower gravel is 
persistent the conditions may not be so favorable for recharge of that 
gravel. Owing to the necessity for circulating water in the well to 
prevent freezing during the nightly shut-downs when the well was 
being drilled, it was not possible to make an accurate measurement of 
the depth to the water table in the shallow sand and gravel; but there 
is some indication that it is more than 25 feet below the surface that 
is, below the level to which the water from the lower gravel rose in the 
well. If so, water exists in the lower gravel under artesian pressure, 
indicating that the recharge areas are some distance away, probably 
in the adjacent moraines and to the north along the Fleming Creek 
valley. The existence of artesian pressure would not prove that the 
main aquifer at well 43 (FWA 8) is connected with distant recharge 
areas through highly permeable materials, but it would be a strong 
indication of connection through at least moderately permeable 
materials. At best, however, it would appear that an attempt to 
develop a supply of as much as a million gallons per day at the site of 
well 43 (FWA 8) should be made only in an emergency and with the 
understanding that it might not be possible to pump a million gallons 
per day for as much as a year. If a well is installed for water supply, 
several test wells should be drilled to outline the aquifer, and a more 
comprehensive pumping test, utilizing the additional test wells for 
observations of water level, should be made to determine the quantity 
of water available.

Well 73 (FWA 14). The well was equipped with a 5-foot, 50-slot 
screen (slots 0.05 inch wide) set at a depth of 90 to 95 feet opposite 
a bed of medium to coarse gravel. However, the well yielded little 
water, indicating that the bed of gravel is only a small lens encased in
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clay.or that fine material from above worked its way along the screen 
and partially clogged it. Pumping was started at 8:12 a. m. on May 
6, 1944. The static water level just before pumping started was 34.49 
feet below the measuring point, which was 0.75 foot below the top of 
the casing and about 0.15 foot above the land surface. By 8:14 a. m. 
the water level was more than 70 feet below the measuring point. 
The well pumped air after a short time, so that it is presumed that the 
pumping water level was at the bottom of the pump bowls at a depth 
of 88 feet below the surface. The well yielded about 40 gallons per 
minute for 90 minutes, after which it was decided to stop the pump 
and discontinue the test. The water level recovered within 30 minutes 
to a position 0.04 foot higher than the stage just before pumping 
started. This and the fact that the water level was declining slowly 
for several hours before the pumping started make it impossible to 
compute the transmissibility from the recovery measurements. The 
drawdown to a constant stage at the bottom of the pump bowls was so 
rapid that measurements could not be obtained for computing the 
transmissibility from the drawdown curve.

The log of the well and the unfavorable results of the pumping test 
indicate that only a relatively small supply of water could be devel 
oped at this site.

Well 117 (FWA 18}. The well was equipped with a 5-foot 100-slot 
screen, set at a depth of 70.3 to 75.3 feet below the rig floor, or about 
69 to 74 feet below the surface, near the base of a bed of medium to 
coarse clean gravel and above a bed of hardpan that was struck at an 
altitude of about 580 feet. The hardpan is equivalent to that struck 
at the same altitude in well 113 (bomber-plant supply well 2). Below 
the hardpan in both wells is sand and gravel containing water relatively 
high in chloride. Well 117 (FWA 13) was plugged with cement below 
the bottom of the well screen to prevent contamination of the main 
gravel.

The pump in well 117 (FWA 13) was started at 4 p. m. on February 
28, 1944, but stopped twice for short periods. Uninterrupted pump 
ing began at 4:41 p. m. and continued for 12 hours at the average rate 
of about 295 gallons per minute, after which the rate was reduced to 
an average of about 160 gallons per minute and the well was pumped 
for an additional 12 hours. The pump was then stopped, and the 
water level was allowed to recover. Measurements of the depth to 
water level in the pumped well were made at intervals during the test 
(see fig. 7) below the top of the casing, 2.03 feet above the rig floor, 
3.1 feet above the land surface, and 660.33 feet above mean sea level.

Computation of the true value for transmissibility at well 117 
(FWA 13) is difficult or impossible because of (1) irregular fluctua 
tions in water level that make extrapolation of the hydrographs
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difficult, owing partly to small changes in the rate of pumping and 
partly to extraneous factors not related to the well itself; (2) the 
probability that recharge from the river occurred during the test; and 
(3) the fact that the aquifer is limited in extent by less permeable 
materials to the south and also to the north, across the river. Factors 
2 and 3 vitiate certain assumptions on which the computation of 
transmissibility by means of a nonequilibrium formula is generally 
based, namely, those of unlimited extent of the aquifer and of no 
recharge. Owing to the influence of factors 2 and 3, the value for 
transmissibility obtained from the pumping test may be quite different 
from the true value. It is possible that the effect of recharge from 
the river might just balance the effect of the limited extent of the 
aquifer, so that the data from a test might plot normally and give an 
apparently reliable value for transmissibility, but this relation would 
be fortuitous and would not hold for longer or shorter tests or for 
different rates of pumping.

The values for transmissibility obtained from the recovery curves 
range from less than 100,000 to more than 1,000,000 gallons per day per 
foot, depending on the extrapolation of the hydrograph for the period 
before pumping started. The graph of the water level in well 117 
(FWA 13), which was declining before pumping started, could reason 
ably be extrapolated in a number of different ways, which would 
result in differences in the computed values for transmissibility.

The pumping of well 112 (bomber-plant supply well 1) caused the 
decline in well 117 (FWA 13) before the pumping test began and, 
apparently, much of the decline during the latter parts of the two 
pumping periods of the test. That well 117 (FWA 13) is affected by 
the pumping of the bomber-plant wells is shown by the pronounced 
rise in water level in well 117 (FWA 13) after the shut-down of well 
112 from 7:30 a. m. to 8 p. m. on February 27, 1944 (see fig. 7), and 
also by the fact that the water level in well 117 (FWA 13) remained 
consistently below river level when any of the bomber-plant wells was 
being pumped (table 4).

It is difficult to make computations of the transmissibility from the 
drawdown curves for the same reasons that make computation from 
the recovery curves difficult, namely, erratic fluctuations of the water 
level in well 117 (FWA 13) and uncertainty as to the extrapolation of 
the graph. By determining the drawdown from the extrapolation 
most likely to be correct which is a smooth curve drawn through the 
points observed before pumping started and a little above those 
observed for several hours after pumping stopped approximate 
values for transmissibility can be obtained by inserting the values for 
drawdown into the Theis nonequilibrium formula (Wenzel, 1942) and 
solving for transmissibility, assuming different values for the coef-
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ficient of storage. In order to do this it is necessary to estim'ate the 
screen loss, which, according to the method devised by Jacob (1946), 
was apparently 0.4 foot or a little less at 160 gallons per minute and 
roughly 1.2 feet at 295 gallons per minute. For a correct solution it is 
also necessary to take into account the effect of partial well penetra 
tion, but data are not available for a quantitative estimate of that 
effect. Also, although well 117 (FWA 13) was pumped for 12 hours 
at each of two rates, the cone of depression may have reached equili 
brium form within a considerably shorter time as a result of recharge 
from the river. This is suggested by the fact that, after 2 or 3 hours 
of pumping, the drawdown curves (fig. 7) are approximately parallel 
to the extrapolation of the prepumping hydrograph most likely to be 
correct. This indicates that the decline after a few hours may have 
been due more to the pumping of well 122 (bomber-plant supply well 
1) than to the pumping of well 117 (FWA 13) itself.

Allowing for screen loss but neglecting the effect of partial penetra 
tion, assuming pumping periods ranging from 2 to 12 hours at 295 
gallons per minute, storage coefficients ranging from 0.01 to 1.0, and 
an effective well radius equal to the actual radius (0.25 foot), the 
values for transmissibility obtained from the drawdown range from 
about 200,000 to 300,000 gallons per day per foot. The effect of 
partial well penetration is to increase the drawdown because of con 
vergence of the streamlines and because of the increased distance that 
water from the upper part of the aquifer must travel to reach the 
screen, to some extent through material of lower-than-average 
permeability, such as that between depths of 55 and 60 feet in well 
117 (FWA 13). Thus partial penetration results in an apparent 
value for transmissibility smaller than the true value. Because of 
this the true value for transmissibility is obviously greater than the 
values shown above, and it may be as high as 400,000 or 500,000 
gallons per day per foot. As shown later, the transmissibility of the 
materials penetrated by the bomber-plant supply wells across the 
river appears to be about 400,000 or 500,000 gallons per day per foot.

At well 117 (FWA 13) most of the transmissibility is probably 
accounted for by the 30 feet of material between depths of 40 and 55 
feet and 60 and 75 feet. Assuming that the 30 feet of material has a 
transmissibility of 300,000 to 400,000 gallons per day per foot, this 
gives an average permeability of about 10,000 to 13,000 gallons per 
day per square foot, which is quite high. It is obvious that the ma 
terial is highly productive, and it is undoubtedly comparable to that 
penetrated by wells 112, 113, and 114' (bomber-plant supply wells 
1, 2, and 3). As stated, the screen loss in well 117 (FWA 13) is esti 
mated to be about 1.2 feet at the rate of 295 gallons per minute. When 
this is deducted from a total drawdown of about 3.1 feet (fig. 7), the



PUMPING TESTS 69

specific, capacity,of the well, is, .shown to be roughly 150 gallons per 
minute per foot of drawdown. This is extremely high for a 6-inch 
well with only 5 feet of screen. Probably a properly constructed 
large-diameter well with about 50 feet of screen would have a yield 
and drawdown comparable to those of wells 112, 113, and 114. If 
additional wells are needed for the bomber plant, the site of well 117 
(FWA 13) would be a good location. As shown by the effect of well 
112 on well 117 (FWA 13), wells on opposite sides of the river would 
interfere with each other to the extent of a few feet, but in view of 
the large additional supply of water that could be obtained from a 
well on the south side of the river the interference would be relatively 
unimportant.

It was hoped that the pumping test on well 117 (FWA 13) might 
give quantitative information concerning the extent of recharge from 
the river, but owing to the relatively small drawdown and the magni 
tude of extraneous fluctuations in water level, the test was not of much 
value in this respect. Nevertheless, it gave significant information 
of a general nature. As stated, the values for transmissibility de 
termined from the recovery curves depend on the extrapolation of the 
hydrograph of well 117 (FWA 13) before pumping started. The 
extrapolation most likely to be correct gives very small residual draw 
downs after short periods of recovery, which when used in the recovery 
formula give values for transmissibility ranging from a million to 
several million gallons per day per foot. It seems probable that the 
true value for transmissibility is about 500,000 gallons per day per 
foot. If so, the low residual drawdowns indicate that recharge from 
the river occurred during the test. This is also indicated by the 
parallelism between the drawdown curves of well 117 (FWA 13) and 
the most likely extrapolation of the prepumping hydrograph. That 
recharge from the river does occur is also indicated by the pumping: 
tests on the bomber-plant supply wells and is confirmed by the 
temperature and chemical evidence cited.

The fact that the water level in well 117 (FWA 13) is affected by 
pumping from the bomber-plant supply wells on the other side of the 
river indicates that a partially effective confining bed exists above 
the main water-bearing gravels. If the material were of high permea 
bility from the surface down to the bottoms of the wells, the pumping 
of the bomber-plant wells would cause water to flow from the river 
into the gravels, but, assuming that the level of the river remained 
constant, it would have little effect on wells across the river. How 
ever, the substantial evidence of recharge from the river afforded by 
the pumping tests and temperature and chemical data indicates that 
the confining bed does not consist of impermeable material but is 
simply material of lower permeability than that tapped by the wells.
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The logs of the wells, showing finer sand and gravel at river level than 
at greater depth, with some silt at places, confirm this conclusion. 
The material, although it acts as a confining bed in permitting high 
rates of pumping from the bomber-plant wells to affect wells across 
the river, is able to admit large quantities of water from the river 
when the water table is drawn substantially below river level by 
heavy pumping.

MISCELLANEOUS PUMPING TESTS

Acceptance tests were made on the bomber-plant and Willow Run 
Townsite wells by Hubbell, Roth, and Clark, and on the new Ypsilanti 
public-supply wells by Shoecraft, Drury, and McNamee. It has not 
been possible to make a thorough analysis of the results of these tests 
because of variations in the rates of pumping during the tests, but a 
few computations have been made and are discussed briefly in the 
following paragraphs. The pumping-test data, copies of which were 
furnished to the Geological Survey by the consulting-engineer firms 
named, are not given in this report.

Bomber plant. The uncertainties present in the analysis of the 
pumping test on well 117 (FWA 13) are present to an even greater 
extent in the analysis of the tests on the bomber-plant supply wells 
(wells 112, 113, and 114), partly because the higher rates of pumping 
tended to induce recharge from the river to a greater extent than 
during the test on weU 117 (FWA 13).

Computation of transmissibility by means of the Thiem formula, 
an "equilibrium" or steady-flow formula (Jacob, 1946), gives values 
ranging from 400,000 to 600,000 gallons per day per foot. Graphical 
determination by means of a nonequilibrium formula gives values 
ranging from a little less than 400,000 to nearly 900,000 gallons per 
day per foot.

Recharge from the river apparently occurred during the pumping 
tests on the bomber-plant wells. This is indicated by the fact that 
when the drawdowns are plotted against the logarithm of time, the 
points, instead of falling on a straight line, fall on a curve that becomes 
less steep with time. This indicates that the aquifer penetrated by 
the wells is being recharged from some source, which at this place can 
be only the river. Under these conditions the values for trans 
missibility obtained by giving greater weight to the early part of the 
period of pumping or recovery that is, the lower values are mdre 
likely to be correct. Thus it is probable ̂ hat the lower values given 
above are more nearly correct than the higher values, and it seems 
likely that the true value is about 400,000 or 500,000 gallons per day 
per foot. However, even these values indicate a highly productive
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aquifer, which together with the existence of recharge from the river 
gives assurance of a continuing supply.

As explained previously, an artesian effect exists because of the 
lower permeability of the sand and gravel overlying the main gravel 
and because of the high rate of pumping. However, the pumping 
4-ests on the bomber-plant wells give coefficients of storage ranging 
from 0.01 to 0.03, sufficiently large to indicate that water-table con 
ditions exist but lower than would be expected in permeable materials 
under water-table conditions. The relatively   low values for the 
storage coefficient may be due in part to the fact that the water 
table fluctuates in the relatively fine grained material near the surface. 
They might also indicate that artesian conditions exist in some parts 
of the well field and water-table conditions in others. Furthermore, 
the tests lasted only a few days, and it is probable that longer tests, 
allowing more time for draining the unwatered material, would have 
given larger coefficients of storage.

Willow Run Townsite-Prospect and Geddes Road field. A pumping 
test was made on well 26 (FPHA supply well 5) during the period 
November 11-18, 1942. During the test the pumping rate varied 
to such an extent that it is not practicable to determine the trans- 
missibility by means of the drawdown curve. However, by assuming 
that the pumpage, which amounted to about 6,500,000 gallons in a 
169-hour period, was at the constant rate of 500 gallons per minute 
for 217 hours, it is possible to obtain from the recovery curve a rough 
value for transmissibility. The recovery curve indicates that the 
transmissibility is about 40,000 gallons per day per foot and that the 
aquifer is of limited extent, because when the recovery is plotted 
against the logarithm of time the points for the latter part of the 
recovery period follow a curve that becomes steeper with time. It 
is known that the aquifer is limited by impermeable material on the 
east, south, and southwest, as wells 28, 29, and 30 on the east and 
wells 24 and 25 on the south and west showed little permeable ma 
terial.

It is not possible to determine the storage coefficient from the recov 
ery curve because the screen loss and effective diameter of the well 
are not known. The driller's log indicates that artesian conditions 
probably exist near the well, but the apparent lack of progressive 
declines in water level in well 26 suggests that recharge from a nearby 
source may occur. Possibly the aquifer is connected at no great 
distance with the sand that lies at or near the surface in wells 24 to 
29, inclusive.

Willow Run Townsite-Wiard Road field. A test was made on wells . 
32 and 36 (FPHA supply wells 4 and 2, respectively) during the period 
November 18-24, 1943. Tests were made on wells 36 and 39 (FPHA
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supply wells 2 and 3, respectively) in October and November 1942 T 
but the results have not been analyzed. The test made in November 
1943 gives values for transmissibility ranging from 77,000 to 96,000 
gallons per day per foot. The effect on well 40 of pumping well 36 
gives a transmissibility of 77,000 gallons per day per foot; the effect 
of this pumping on well 38 gives a value of 96,000 gallons per day per 
foot. These values indicate that the transmissibility at well 40, 
which is adjacent to well 39 (supply well 3), is less than at well 38, 
which is near wells 32 and 36 (supply wells 4 and 2). (See fig. 4.) 
This conclusion is supported by the fact that well 39 has a larger draw 
down for a given yield (smaller apparent specific capacity) than wells 
32 and 36. For example, in October 1942 the drawdown in well 39 
was about 40 feet after it was pumped for 6 days at the rate of about 
420 gallons per minute. Oil November 23, 1943, after well 32 had 
been pumped for 5 days at an average rate of about 550 gallons per 
minute and well 36 had been pumped for 3 days at a rate of about 
600 gallons per minute, the drawdown in well 32 was about 26 feet 
and that in well 36 about 27 feet.

The value for transmissibility determined from the drawdown in 
well 36 is about 82,000 gallons per day per foot; but the points ob 
tained by plotting the drawdown against the logarithm of time are 
rather scattered, and the line whose slope gave the value of 82,000 is 
not the only line that might reasonably be drawn through the plotted 
points. However, the line gives approximately equal weight to the 
different plotted points, and the value of 82,000 gallons per day per 
foot for transmissibility falls in the range of values determined from 
the effect of well 36 on wells 38 and 40.

The storage coefficient obtained from the effect of well 36 on well 
38 is 3.4X10"4 , and that obtained from its effect on well 40 is l.OX 
10~4. These coefficients indicate that artesian conditions exist in the 
vicinity of the wells, but the apparent lack of progressive declines in 
water level as a result of pumping suggests that recharge may occur 
at no great distance. The test wells and pumping tests show that the 
aquifer in the Wiard Road field is more extensive than the aquifer in 
the Prospect and Geddes Road field, and, even if recharge does not 
occur nearby, the values for transmissibility and storage coefficient 
indicate that the rates of pumping in 1944 and 1945 can be main 
tained indefinitely in the Wiard Road field.

Ypsilanti public-supply wells. Analysis of the pumping tests on 
the Ypsilanti public-supply wells gives rather inconclusive results. 
Because of varying rates of pumping the test on well 77 (supply well 
3) could not be analyzed in the available time. However, the yield
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and drawdown of well 77 are similar to the yield and drawdown of 
well 75 (supply well 1), and these wells also appear to affect each other 
substantially when pumped. Probably both wells lie in the same 
buried channel and penetrate material of about the same permea 
bility, whereas well 76 penetrates material of lower permeability.

The drawdown in well 75 at rates of 500, 1,000, and 1,300 gallons 
per minute gives values for transmissibility averaging about 240,000 
gallons per day per foot, and it seems probable that this is near the 
true value. When the data for the period during which 1,000 gallons 
per minute was pumped are plotted on semilogarithmic paper, the 
points for the latter part of the period follow a curve that becomes 
steeper with time, indicating that the aquifer is bounded by material 
of relatively low permeability. It is known from the logs of wells that 
the aquifer is bounded on the east and west by material of low perme 
ability, and it may be so bounded on the north and south.

Apparent values for transmissibility can be obtained from the effect 
of well 75 and well 76 on each other. However, in view of the fact 
that the transmissibility probably is much lower at well 76 than at 
well 75, these values are only approximate averages and do not repre 
sent the real transmissibility at either well. .Because well 76 was 
operated during its test at a constant pumping level with a varying 
discharge, it was not practicable to determine the transmissibility at 
the well from the drawdown, and no recovery measurements were 
made. The values for transmissibility obtained from the interfer 
ence between wells 75 and 76 range from about 80,000 to about 125,000 
gallons per day per foot. Because the true value for transmissibility 
at well 75 is probably about 240,000 gallons per day per foot, as 
indicated by the drawdown in well 75, the transmissibility at well 76 
may be lower than any of the values shown by the interference 
between the two wells that is, less than 80,000 gallons per day per 
foot.

The values for the storage coefficient obtained from the interfer 
ence between wells 75 and 76 range from 4 x 10~4 to 6 x 10~ 5 , indicat 
ing artesian conditions at the wells. The logs of the wells show 
material of low permeability above the main gravels, so that this 
would be expected. However, evidence discussed previously in con 
nection with wells 72 (FWA 10) and 73 (FWA 14) indicates that the 
main gravels are connected with the surficial materials at least to 
the north, and recharge of the main gravels from the surficial ma 
terials undoubtedly occurs to some extent.. The surficial materials 
are recharged by precipitation and in some places may be accessible 
to recharge from the Huron River.
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SUMMARY 

ADEQUACY OF EXISTING SUPPLIES

It is believed that the safe yield of the present wells supplying the 
three major ground-water users is not less than 10 million gallons per 
day: about 6 million for the bomber plant, 3 million for the Ypsilanti 
public water supply, and 1 million for the Willow Run Townsite. Of 
the three supplies, that of the Willow Run Townsite has the smallest 
potential capacity and is most uncertain with respect to adequacy at 
rates of pumping much higher than those maintained so far. How 
ever, it is probable that a total perennial supply of about 2 million 
gallons per day could be obtained from the present wells and addi 
tional properly located wells on the townsite. The future consump 
tion of water at the bomber plant cannot be predicted. During the 
period of maximum activity at the plant the consumption of ground 
water averaged 4.5 to 4.75 million gallons per day. It is believed 
that the safe yield of the present wells is not less than 6 million 
gallons per day, and a total supply substantially larger could be 
obtained if additional properly located wells were constructed. If 
desired, untreated water from the wells could be used, and river 
water could be treated in the plant. Thus, a total supply of about 
12 million gallons per day could be obtained from the present instal 
lations.

The water supply of the Ypsilanti public-supply wells appears to 
be adequate to meet the present demand and the expected future 
demand for some time. The safe yield of the wells is believed to be 
at least 3 million gallons per day, which is 1 million gallons per day 
in excess of the rated capacity of the treatment plant.

If the consumption of ground water for public supply increases to 
such an extent that an average demand of more than 3 million gallons 
per day seems likely, a thorough pumping test with special reference 
to the conditions of recharge would be desirable to determine the 
availability of additional water in the present well field. If the tests 
 show that the water is not available, a comprehensive program of 
test drilling would be advisable to locate sites for additional wells 
outside the present well field.

' The yields of the existing wells in the Ypsilanti area may decrease 
in time as the result of incrustation of the well screens. Such de 
creases in yield can be distinguished from those caused by declines in 
ground-water levels by means of periodic measurements of the 
"static" (nonpumping) w.ater level in each supply well and by meas 
urements in observation wells. The ground waters are not excessively 
hard and should not give trouble through incrustation for at least a
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few years after wells are installed. The Spring Street wells of the 
public-supply system have retained their productivity for years, 
indicating that incrustation is not serious when drawdowns are 
moderate. The largest drawdowns in the wells supplying the major 
water users are those in the wells of the Willow Run Townsite, and 
these wells may be the first to show incrustation.

AVAILABILITY OP ADDITIONAL SUPPLIES

The question remains as to the availability of ground water for new 
industries or institutions in the Ypsilanti area. In view of the evidence 
of recharge from the river at the bomber plant well field, it is believed 
that additional supplies can be developed in the Huron Valley down 
stream from the bomber plant at any place where sufficiently coarse 
gravels are located by test drilling and proved by means of pumping 
tests to be accessible to recharge from the river. Probably no large 
supply should be developed within half a mile of the bomber-plant 
wells except if needed for additional supplies for the bomber plant 
itself. Owing to the backing up of water by the Belleville dam, it 
might be necessary to drill wells in the water in order to strike the 
most permeable gravels.

It is possible that additional supplies of a million gallons or more per 
day could be developed safely in the stretch of the Huron Valley 
between the bomber-plant and Ypsilanti well fields, but there also the 
areas underlain by the most permeable gravels may be flooded, so 
that the wells might have to be drilled in the water.

So far no highly productive areas have been discovered in the Huron 
Valley between the Ypsilanti well field and the mouth of Fleming 
Creek, but additional test drilling might reveal promising areas. Any 
attempt to develop a supply of several million gallons per day in the 
valley for a new industry should involve an adequate program of test 
drilling and pumping tests.

The occurrence of productive water-bearing gravels beneath the 
uplands appears to be quite erratic, and such gravels can be located 
only by means of test wells, possibly supplemented by geophysical sur 
veys. Even if productive gravels are located, as in some of the wells 
at the Willow Run Townsite, plans to develop a supply of a million 
gallons or more per day should involve a pumping test to obtain as 
much information as possible on the conditions of recharge and on 
interference with existing wells. Probably no large additional supply 
should be developed on the upland within a mile of the Willow Run 
Townsite unless it is certain that the requirement for the townsite 
will not exceed 2 million gallons per day.

847827 49-
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GROUND-WATER SUPPLIES OF THE YPSILANTI AREA 81

LOGS OF WELLS IN THE YPSILANTI AREA

The logs of the 13 wells drilled by the Federal Public Housing 
Authority and the Federal Works Agency are based on examination of 
drill cuttings by E. G. Otton. The remaining logs are based on reports 
of well drillers or owners. The logs of all domestic wells, the Ypsilanti 
public-supply and test wells, and certain industrial wells were ob 
tained from the firm of Shoecraft, Drury, and McNamee. Other 
sources were the Federal Public Housing Authority, the Ford Motor 
Co., the firm of Hubbell, Roth, and Clark, and the Michigan Geo 
logical Survey Division.

In the logs the altitudes are given in feet above mean sea level, 
as reported by the sources from which the logs were obtained. Esti 
mated or approximate altitudes are marked with the symbol ±.

Most of the logs of domestic wells obtained from Shoecraft, Drury, 
and McNamee showed the depth to water level, but, as the dates of 
measurement are not given and some of the reported depths to water 
are only approximate, these data are not included here. They are 
given, however, in the report by Mr. Poindexter (1943) dated July 1943,

Thickness and depth of material are given in feet unless inches are 
indicated.

Logs showing only two strata, generally clay above and sand or 
gravel below, are given in the last column of table 13.

2 (SDMi well C-S2-1). Altitude, 709

C^y. ............................

Thick 
ness

3
4

33

Depth

3
7

40

Thick 
ness

10
3

Depth

50
53

1 Shoecraft, Drury, and McNamee.

4 (FWA 6). SE^NWy^ sec. 4, Superior Township, approximately 800 feet north 
and a little west of road corner at center of sec. 4- Altitude, 830 ±

Brown clay; sand; medium gravel.

Buff to gray silt; few small pebbles.

Fine silty sand, gray; few small

Brown-gray medium sand, fairly 
clean and permeable, _ . _

angular fragments of chert and

Thick 
ness

5 
10
20 

5

5

5
5
5

10

5

Depth

5
15
35 
40

45

50
55
60
70

75

Medium sand; some fine gravel,

Medium to coarse sand; some

Clean fine to medium gravel _____

Medium to coarse clean gravel _ 
Medium to fine clean gravel and

Gray sandy clay (base of Pleisto-

Thick- 
ness

5

10
8
7

15

8
7

10
15

30

Depth

80

90
98 

105
120

128
135
145
160

190
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5 (FWA 7). SE%SW% sec. 8, Superior Township, south side of United States 
Highway 12 about 0.5 mile east of small highway bridge over tributary of 
Fleming Creek. Altitude, 820 ±

Reddish-brown sand and gravel .. 
Medium to coarse sand; fine 

gravel.... .... _ _ __
Medium sand; fine gravel _
Medium to coarse gravel; some 

sand _ _ .. ___-_ _

Gray silty clay; occasional pebbles.

5

10 
10

5 
7 

113

5

15 
25

30 
37 

150

Fine to medium grayish-brown

Gray clay; sand; fine gravel (base

20 
10

10 
12

14

170 
180

190 
202

216

7 (SDM well S-19-2). Gale School, owner

Yellow clay..-. _ ....
Blue clay _ .
Gray sand __ .
Quicksand ___ .

Thick 
ness

12 
6 

57 
50

Depth

12
18 
75 

125

Thick 
ness

50 
7 
2

Depth

175 
182 
184

9 (SDM well S-21-1). E. C. Meyer, owner. Altitude, 818

Clay.......... ....................
Quicksand ____________ ..

Thick 
ness

40 
15

Depth

40
55

Thick 
ness

8 
2

Depth

63 
65

10 (SDM well S-22-2). Charles Sweitzer, owner. Altitude, 829

Clay.. ...........................
Quicksand; water .... .

Thick 
ness

73
2

Depth

73
75

Clay..      .    

Thick 
ness

79 
3

Depth

154
157

12 (SDM well S-27-S). Charles Lidke, owner. Altitude, 807

Clay...........'..................
Hardpan.. ________ .

Thick 
ness

108 
1

Depth

108 
109

Gravel

Thick 
ness

4

Depth

113

13 (SDM well S-28-S). Bennett, owner. Altitude, 812

Clay..............................
Stone (probably boulder clay or 

large boulder) ... _____ ....
*

Thick 
ness

i in

4

Depth

150

154

Gravel

Thick 
ness

6

Depth

160



LOGS OF WELLS 

14 (SDM well S-30-2). E. E. Williams, owner. Altitude, 857

83

Clay.....  .....................

Blue clay. _____________

Thick 
ness

20
40
30
10

Depth

20
60
90

100

Clay.-...   ._  ..  ..--. _

Thick 
ness

30
20
6

Depth

130
150
166

16 (FWA 9). SW%SW% sec. 32, Superior Township, near west line of section, 
approximately 200 feet south of dead-end gravel road. Altitude, 720 ±

Medium to fine brown gravel __ 
Gray gravel; some stiff silty clay ... 
Tough gray silty clay; some small

Thick 
ness

10 
5

10 
15

Depth

10 
15

25 
40

Gray sandy clay; some fine gravel.

Gray clay (base of Pleistocene) ... 
Greenish-white sandstone; some

Thick 
ness

30 
5 

10

11W

Depth

70 
75 
85

96&

17 (SDM well S-32-4). Altitude, 758

Thick 
ness

55 
18

Depth

55 
73

Thick 
ness

3

Depth

76

18 (Fred Voorhees 1). Ypsilanti Development Co., owner. hE%SEtyi sec. 32, 
Superior Township, 2,945 feet from north line and 339 feet from east line of 
section. Altitude, 788

Soil    "-..... . ........
Mud, blue, plastic _________

Thick 
ness

10 
30 

7 
18 
55

Depth

10 
40 
47 
65 

120 Limestone, gray, sandy (Berea) ...

Thick 
ness

34 
12 
21 
13 
80

Depth

154 
166 
187 
200 
280

19 (FWA 4). NWVih/W% sec. 33, Superior Township, on LeForge Road about 
50 feet south of intersection with Geddes Road. Altitude, 792 ±

Red and brown silty clay; gravel . . 
Buff silty clay; occasional small 

pebbles _____________

Gray silty clay; few small pebbles. 
Gray clay (boulder struck at 75 

feet).. __ --------.---.--.--....
Fine gravel; some clay (hardpan)..

Coarse sand; fine gravel; sufficient

Thick 
ness

10

20 
5 

30

15 
10 

5

2

Depth

10

30 
35 
65

80 
90 
95

97

Fine to coarse clean gravel; some 
pebbles up to 3 inches in di 
ameter. High permeability ....

Fine gravel; coarse sand; silt _ ... 
Cemented gravel and silt (hard- 

pan) . One boulder struck. . . _ 
Gray to buff silty clay (base of

Thick 
ness

6 
12

5

10

28 
12

Depth

103 
115 
120

130

158 
170



84 GROUND-WATER SUPPLIES OF THE YPSILANTI AREA

22 (SDM well 8-88-6). Pryce, owner. Altitude f <804

Blue day _____ . .............

Thick 
ness

85
65

Depth

85
1 CA

Water ravel

Thick 
ness

10

Depth

160

(FPHA-USCS 2). NW}iSW}i sec. 34, Superior Township, east side of 
Prospect Road 0.4 mile north of Clark Road. Altitude, 795 ±

sand and silt ("dry") __ _ _...
Gray medium sand, fairly well

Medium water sand, well sorted,

Thick 
ness

7

13
10
30

20

5

5

Depth

7

20
on

60

80

85

on

Gray silty clay; small fragments

Gray clay (base of Pleistocene)..-

Thick- 
ness

IJi

8W
5

15
65

4
1
7

Depth

91 V£

100
105
120
185

189
190 
197

24 (test well 6 at Willow Run Townsite). Federal Public Housing Authority, owner.
Altitude, 779

Clay_ ............................

Gravel-- ___ .. __ __

Stony hard clay. .................

Thick 
ness

5
15

5
5
5

23
55

Depth

on

30
35
58

113

Clay            

Thick 
ness

6
16
14

1
7
1

12

Depth

119
135
149
150
157
158
170

25 (test well 4 at Willow Run Townsite). Federal Public Housing Authority, owner.
Altitude, 783

Sand. .

Thick 
ness

10
5
5
9
5
8

Depth

10
15
20
29
34
42

Shale--...   .       -

Thick 
ness

22
96
21
4

Depth

64
160
181
185

26 (supply well 5 at Willow Run Townsite). Federal Public Housing Authority,
owner. Altitude, 781

Thick 
ness

35
38
20

9

Depth

35
7Q

93
102

Clay.  ...   ...         

Thick 
ness

3
6

Depth

105
111
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27 (supply well 5 at "Willow Run Toitihsite). Federal Public Housing Authority,
owner. Altitude, 779

Pinessnd _
Sand.  --          __
Coarse sand -----
Fine sand-- - _
Clay- ... ........

Sandy clay _____ ............

Thick 
ness

5

10
10
20
5
4

11

Depth

5
10
20
30
50
55
59
70

Thick 
ness

5
5

15
5
5
5
2
3

Depth

75
80
95

100
105
110
112
115

' (unsuccessful supply well 4A at Willow Run Townsite). Federal Public Housing 
Authority, owner. Altitude, 778 ±

Fine*gravel _____________
Clay     _  ..____. __._.

Thick 
ness

28
21

Depth

28
49
60

Clay             

Thick 
ness

1
14
44

Depth

61
75

119

(test well 8 at Willow Run Townsite). Federal Public Housing Authority, owner.
Altitude, 779 ±

Gravel..-. ... _ .
Clay...-.   .... ......

Thick 
ness

29
23

Depth

29
52

Thick 
ness

73
10

Depth

125
135

(test well 7 at Willow Run Townsite}. Federal Public Housing Authority, owner.
Altitude, 791 ±

Soil; clay. _ .. .        .._._
Blueclay... ______ -  .........
Clay........... ... ... .
Hardpan. _ _ ...... ...
Hard clay..-. __ __ ... . .

Thick 
ness

15
15
18
4

26
38
13

Depth

15
30
48
52
78

116

Thick 
ness

3
2

17
21

4
8

Depth

132
134
151
172
176
184

81 (FPHA-USGS well 1). SWy^NW}i sec. 35, Superior Township, about 272 feet 
east of Harris Road and 0.4 mile south of Geddes Road. Altitude, 760 ±

- pebbles _____ ... __ J .....

Gray clay and gravel _ . .........

Thick 
ness

1

20
23
16
10

5

20

5

Depth

21
44
60
70
75
80

105

Thick 
ness

10
10

15

15
25

5
8H

Depth

115
125

140

155
180
185
193 H
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32 (supply well 4 at Willow Run Townsite}. Federal Public Housing Authority ,
owner. Altitude 733.5

Clay.........     ___     .'
Sand.          .  .

Clay............................

Thick 
ness

42
16
OK

2

Depth

42
KQ

QQ

QK

Thick 
ness

4
13
16

Depth

99
112
128

(test well 9 at Willow Run Townsite). Federal Public Housing Authority, owner.
Altitude, 734±

Yellow clay. ... ______ .......
Blue clay- _____________

Thick 
ness

10
8

41
00

22

Depth

10
18
59
QO

104
113

Thick 
ness

14
37

2
1
4

Depth

127
164
166
167
171

34 (supply well 1 at Willow Run Townsite). Federal Public Housing Authority,
owner. Altitude, 728

Peat- ______ ... .
Yellow clay_ . ___ .

Clay....   .-...-............
Sand-----..-. . .-..
Dirty sand... ____ ...

Clay; gravel _________ _ ....
Clay...........................

Thick 
ness

3
39
15
17
17
5

8

Depth

5
11
59
76
QQ

QQ

102^

122

Clay-..          

Clay..-  -   - -   -

Thick 
ness

5
4
3
3
4

11

JjlX

18

Depth

127
131
134
137
141
152

157
175

(test well 10 at Willow Run Townsite). Federal Public Housing Authority, 
owner. Altitude,

Topsoil....  ..  ....... _ ..
Yellow and blue clay ............
Blue clay_. ....... __..__
Soft sandy blue clay. ... __ _
Fine water sand __________
Gravel hardpan. . _ __

Thick 
ness

2
8

4?
20
17
6

Depth

10
CO

70
on
Oft

Thick 
ness

1
5

50
19

6
2

Depth

97
102
152
171
177
179

36 (supply well 2 at Willow Run Townsite). Federal Public Housing Authority,
owner. Altitude, 732

Medium hardpan __ ___ .
Blue clay ___ .. .. ...
Quicksand. .... ______ ..
Clay.   ..____________ ______

Thick 
ness

8
32

5

Depth

8
40
45
50

Thick 
ness

27
20
22

Depth

77
97

119
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37 (test well 2 at Willow Run Townsite). Federal Public Housing Authority,
owner. Altitude, 729

Clay             

Thick 
ness

3
2
7

12
26

1
5
2
4
2

Depth

3
5

12
24
50
51
56
58
62
64

Thick 
ness

11
32

2
14
4

15
10
25
8
5±

Depth

75
107
1DQ

123
127
149

152
177
185
1QO-I-

(test well 1 at Willow Run Townsite). Federal Public Housing Authority, 
owner. Altitude, 728

Clay            

Thick 
ness

5
3
4
5
3

30
5
4
3

20
6
7

Depth

5
8

12
17
20
50
55
59
62
82
88
95

Shale      -      -

Thick 
ness

10
5
8

17
7

9
3
8
5
3±

Depth

105
110
118
135
142

151
154
162
167
170±

40 (test well S at Willow Run Townsite). Federal Public Housing Authority'," owner.
Altitude, 7S1

Claiy. ..........................

Sandy hardpan__ __ ... .......

auicksand . __________

Thick 
ness

8
12
37

5
10
10
10

Depth

8
20
57
62
72
82
92

Clay--              

Clay-.               

Shale..              
Rock..... _             

Thick 
ness

35

2
8
3

Entered

Depth

127

140
148
151

41 (SDM well A-24-1). Floyd Parker, owner. Altitude not recorded

Blue clay _ _ - ________

Thick 
ness

18
45

Depth

18
63

Thick 
ness

2

Depth

65
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43 (FWA 8). Sy2 SW}i sec. 25, Ann Arbor Township, on Geddes Road approxi 
mately 100 feet west of schoolhouse. Altitude, 810±

Brown sandy clay; some graveL__

above, water bearing near base .

Gray clay and silt; few small peb 
bles ̂ . ..........................

Medium gravel; some fine gravel-

Pine, medium, coarse clean gravel 
Fine, medium, coarse clean 

gravel; fragments of sandstone

Thick 
ness

10
5 

20

7

10
10

17
1 
8

14 

12

Depth

10
15 
35

42 
55

65
75
80
90

108 
116
130 

142

Fine gravel; coarse sand; some

Coarse to fine gravel; some frag-

Clean medium gravel, well sorted.

very fine gravel (base of Pleis-

Thick- 
ness

8

14
2

4
2

6

5
5

11

Depth

164
166

170
172

178

183
188

197

44- Ann Arbor sewage-treatment plant, owner. Altitude, 739

Thick 
ness

5
25
54
7

Depth

5
30
84
91

Sand and gravel up to IJ-i inches

Thick 
ness

14
9

Depth

105
114

45 (SDM well VB-5-1). Flowing well. Altitude, 694-5

Clay-         ... 

Thick 
ness

40
10

Depth

40
50

Thick 
ness

10

Depth

60

46 (SDM well Y-3-11). Hewitt Apartments, owner. Altitude, 753

Thick 
ness

27
65

Depth

27
92

Thick 
ness

35

Depth

127

47 (SDM well Y-S-10). Kirkshaven, owner. Altitude, 764

Thick 
ness

12 
18

Depth

12 
30

Thick- 
ness

50 
8

Depth

80 
88
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48 (FWA S). NE%SE% sec. 4,"Ypsilanti Township, near southwest corner of 
Holmes and Prospect Roads, Ypsilanti. Altitude, 770 ±

Brown medium sand, clean, loose-

Brown medium sand; fine gravel,

Firm gray sand and clay (hard- 
pan). ........ ______ _ __________

Gray clay; small fragments of

Thick 
ness

5

10

5
5

5
10
15
15

8

Depth

5

15

25

30
35

40
50
65
80

88

Fine gravel with clay (gravelly

Gray clay; occasional small frag-

Gray silty clay; some fragments 
of greenish-white soft sand
stone (Berea?). Top of sand-

Thick 
ness

2
10
20

15
5

10
10

3

Depth

90

120

135
140
150
160

163

49 (SDM well Y-4-6}. George Freeman, owner. Altitude, 787

Clay....... ............... ........ 16 
24 
40

16 
40 
80

40 
15 
5

12J 
13^ 
14,

1 Thirty feet of water gravel reported in well about 800 feet to northeast. 

50 (SDM well Y-6-81). Peninsular Paper Co., owner. Altitude not recorded

Thick 
ness

13 
42 
15

Depth

13 
55 
70

Thick- 
.ness

2 
34

Depth

72 
106

51 (SDM well Y-5 8). Peninsular Paper Co., owner. Altitude, 705

Clay; fine sand; boul-

Sand; clay; gravel .....

Fine sand .............

Thickness

Feet

5
8

6 
4 
5 
5

Inches

10
8

7 
2 

11 
11

Depth

Feet

5 
14

21 
25 
31 
37

Inches

10 
6

1
3 
2 
1

Hard clay; stones_____

Clay; gravel; sand .....

Thickness

Feet

5 
5 
4 

11 
30 

8

Inches

9 
6 
8 
2 
0 
0

Depth

Feet

42 
48 
53 
64 
94 

102

Inches

10 
4 
0 
2 
2 
2
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62 (test well 5). Peninsular Paper Co., owner. 600 feet south of office. Altitude
not recorded

Clay..-.--    ...............

Thick 
ness

13
24

9
8

30

6
2

Depth

13
07
46
54
84
88
94
96

Clay

Thick 
ness

7

2
3
6
3

Depth

103
105
107
110
116
119

6S ("Atlantis" well of USGS Geol. Atlas folio 156). T. C. Owen, owner (at former 
residence). Altitude, 785 ±

Sand, clay, gravel, etc., uncon-

Sandstone, fine, slightly caleare-

Sandstone, very fine, slightly eal-

Thiek- 
ness

185

10
10

64

4

Depth

185
189

199
ono
9QQ

361

Shale, blue to dun-colored, some

Shale.   .        

Thick 
ness

10
5

43

22

21
138
184

Depth

371
376
419

441
465
486
624
808

54 (S DM well Y-5-1). E. Campbell, owner. Altitude, 777

Clay.                  ..

Thick 
ness

5
10
10

5
20

Depth

5
15
25
on

50

Thick 
ness

10
15
4
2

Depth

60
75
79
81

66 (S DM well Y-6-8). Lipke, owner. Altitude, 808

Clay.... ....... ..................

Clay......       ..............

Thick 
ness

40

163

Depth

40
44

207

Thick 
ness

y*
1C

Depth

207^

66 (SDM well Y-6-6). Harry Gilmore, owner. Altitude, 811

Thick 
ness

23
62

Depth

oo
OR

Medium avel

Thick 
ness Depth

93
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67 (SDM wett Y-6^16)^ Paul Wolf, owner. Altitude, 815

'VipllnTO' pla/tr

Thick- 
ness

32
46
10

7

Depth

32
78
88
05

Thick 
ness

21
18

1

Depth

116
134
ft*

68 (SDM well Y-6-14). Schaefer Crane, owner. Altitude, 816

Yellow clay

Yellow day ____ ______

Thick 
ness

3
5

27

Depth

3

35

Thick 
ness

30
6

Depth

74
A fift

69 (SDM well Y-6-17). 0. C. Beals, owner. Altitude, 809.6

Thick 
ness

16
45

Depth

16
61

Sand; gravel. .......   __   _ .

Thick 
ness

37
2

Depth

98
100

80 (SDM wett Y-6-1S). Altitude, 808

Clay...  ... ................. ...

Thick 
ness

18
22

Depth

18
40

Thick 
ness

3

Depth

43

61 (SDM well Y-6-12). Grant Wilson, owner. Altitude, 818

Tfardiwnf stone. » , . .Biusa^.  ;... .".  - .... .. -

Thick 
ness

5
10

7
6

42

Depth

5
15
22
2870"

Thick 
ness

13
167

3
12

Depth

83
250
253
265
2®

62 (SDM well Y-8-16). Walker, owner. Altitude, 798

Blue clay -

Thick 
ness

70
5

47

Depth

70
75

122

Thick' 
ness

3
73

2

Depth

125
19&
200

.847827 50   7
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 B (SDM weU Y-8-1S). Otto Lidke, owner. Altitude? 767

1

day ,-
Sand...    _ ..' ____ . .......
Olay.       .   ....... .......
Sand ..- ...... __   ...._.
day......... ....................

Thick 
ness

10
2

13
2

13

Depth

10
12
25
27
40

Clay.....  .........  .... ...

trated . . .......

Thick 
ness

2
26

2

Depth

4A

eto

70

64 (SDM well Y-8-10). Oliver Houston, owner. Altitude, 798

day*

Thick 
ness

3
37
10
10

Depth

3
40
50
60

Thick, 
ness

25
5
5

Depth

as
00
95

65 (SDM well Y-8-11). Harry Rominski, owner. Altitude, 766

Thick 
ness

14
8

Depth

14
22

Thick 
ness

41
4

Depth

63
67

66 (SDM well Y-8-26 [city of Ypsilanti test well 8]). Altitude, 767

1
Thick, 

ness

15
17

8
15
10
10
15
6
1

Depth

15
32
u\
55
65
75
90
96
97

Thick 
ness

4

25
31

5
4
2
6
3

Depth

101

126
157
162
166
168
174
177

67 (SDM well Y-8-1). Warner Dairy, owner. Altitude, 788

Thick 
ness

8
32
10

Depth

8
40
50

Thick 
ness

18
6

29

Depth

68
74

103

68 (SDM well Y-9-27 [city of Ypsilanti test well 7]). Altitude, 700

! Thick 
ness

5
5
2

23

Deptfr

5
10
12
35

Thick 
ness

10
20
22

Depth

45
65
87



MSGS

7.T (SZ> M 1MB Y-9-84-&fc®8 [eitytf Ypsilmti test Mil T. D. J^S-6 ]) . Altitude, 695

Blue clay and sand ________
83 
30

45 
75.

20 
, 10

102 
112

7# (FTF.4 Iff). NE}i sec. 9, Ypsilanti Township, in center strip of River Street jusi 
south of intersection with North Street, Ypsilanti. Altitude, 710

Medium gravel; brown sand. . _
Medium gravel; considerable

Coarse sand; fine gravel. Mod-

Medium to fine gravel; some sand; 
some pebbles up to 1 Vt inches in

Coarse sand, fairly well sorted __

Thick- 
ness

4 

5 

5

20 
10

Depth

4 

9 

14

34 
44

Medium gravel; some pebbles

Light-gray stiff clay; fragment of

Gray clay (base of Pleistocene) _

Thick 
ness

5 
10 
10

5 
16 

5 
2

Depth

49 
S» 
69

74 
90 
95 
97

73 (FWA 14). SEY^NEY^ sec. 9, Ypsilanti Township, at south end of State Police 
building at southwest corner of Michigan Avenue and Park Street in Gilbert Park, 
Ypsilanti. Altitude, 710±

Brown medium gravel. ...........

Gray clay; some small pebbles .... 
Fine brown sand. _ v  __ - _
Medium sand, fairly well sorted.. 
Medium to eoarsfrsaad, ;arfcosic--

Medium gravel; coarse sand ___
Sand; gray clay; some gravel __

Thick 
ness

5
20

5
20 

5
10 
10 

5
  3

4

Depth

5
25
30
50 
55
65
7& 
80
83
87

!

Medium to coarse clean gravel _

Gray silty clay, pebbly; frag 
ments of' Bereaf?) ' sandstone
(probably base of Pleistocene) . . 

Gray-green- sandstone. Sample

may. tv fswJrigs

Thick 
ness

3
5

20

10

5

Depth

«J
95

115

125'

130

74 (SDM well Y-9-16). Trojan Laundry, owner. Altitude, 691

Stony nll._.-.......__..._________
Quicksand ____________
Hardpan _____________

Thick 
ness

'' ' 4
6

19

Depth

4
10
29  

Thick 
ness

4
3

Depth

33
36

75 (city of Ypsilanti supply well 1"). Altitude, 688

Stones; clay; hardpan ______

Sandy blue clay _________
Sandy hardpan __________

Thick 
ness

5
15
10
10
17

Depth

5
20
30
40
57

Thick 
ness

'8
9
2

12
14

Depth

65
74
76
88

102
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; 76 (cz% of Ypsitenii supply wett #); Attitude, 687

&>il  ......    ..._     

Thick 
ness

3
10

3
10
10
20

5

Depth

3
13
16
26
36
56
61

Thick 
ness

2
3
1
7

10
3

Depth

63
66
67
74
84
87

77 (city of Ypsilanti supply wett 3). Altitude, 689

Coarse sand _ . ______ , __

Thick 
ness

. 5
3
7

12
8
2

Depth

15
27
35
37

Thick 
ness

11
2

15
7

22

Depth

48
50
65
72
94

78 (SDM well Y-9-~%% [city of Ypsilanti test well 1]). Near well 75. Altitude, 687

Quicksand ____________

Thick 
ness

9
1

26
9

11

Depth

9
10
36
45
56  "

Thick 
ness

9
1

39
1

Depth

65
66

105
106

79 (SDM wett Y-9-28 [city of Ypsilanti test well #]). Near well 76. Altitude, 688

Thick 
ness

12
44

3
5

Depth

10

56
59
fii

Thick 
ness

2
17

7

Depth

66
83
90

80. Banner Oil and Gas Co., owner. N%NEYi sec, 16, Ypsilanti Township, 800 
feet from Cornwett well (well 81). Altitude, 682

Unconsolidated material; water 
at 90 feet.  .      

Thick 
ness

90

Depth

on
White shale. Water and odor-

Thick 
ness

51
1,059+

Depth

141
1,200+

» Entire record of doubtful accuracy.
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81 (Cornwell teat well for mineral, water).. 'Altitude, 680$:

Earth, clay, gravel, sand, etc.,

Slate (probably shale) _____
Flint   .  .._ _ ._...

Thick 
ness

109
241

5

 Depth

109
350
355

Sandstone _________ ,.. ,,

shale). .......................

Thick- 
ness

, 38

, 157
200

Depth

393

550
750

82 (SDM well Y-9-17). Ypsilanti Dairy, owner. Altitude, 749

Sand -  ..  ...............
Blue clay ____________
Water gravel __________

Thick 
ness

4
68
3

Depth

4
72
75

Thick 
ness

108
4

Depth

183
187

,

85 (SDM well Y-10-6). H. A. Disbee, owner. Altitude, 735

Clay...........................
Oray sand ___________

Thick 
ness

60
10

{Depth

60
70

Thick 
ness

20
10

Deptfh

90
100

86 (SDM well Y-10-2). Plank Road Farm, owner. Altitude, 756

Thick 
ness

27
68

Depth

27
95

' Thick 
ness

2

Depth

87

88 (SDM well Y-ll-6). Altitude, 781

TopsoiL... _._..._. _ ..........
Oravel _ , ___________

Thick 
ness

3
5
1

Depth!

3
8
9

§uicksand.. . __ _ __ .. .
lay

Thick- 
ness

13
78
2

Depth

22
100

  102

89 (Ford Motor Co. test well for Willow Run Boys Camp). Altitude not recorded

Sand; hardpan. ________
Sand; gravel 1.. ................
Darksfi&te..-.  ............. .

Thick 
ness

38
103

14
45

Depth

38
141
WlJi
i&ftl^ Mglt shale ».. ............ 

Thick 
ness

38Ji
3

37
35

Depth

225
228
365
300

> Water level 105 feet below surface. 
» Water level 35 feet below surface.
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90 (Ford Motor Co. test well 44 [Wiard test well]), AUitudei, 736

Yellow sand and stones .........
Clay; stones __________

'Sand; clay... __________

Clay; stones _______ . ......

Thick 
ness

5
5
5
5

25
10

Depth

5
10
15
20
45
55

Thick 
ness

10
20
45

5
5

Depth

65
85

130
135
140

91 (FWA 11}, SE^KEy* sec. 15, Ypsilanti Township, about 15 feet north of edge 
  , of Ford Lake on point of land jutting into lake. Altitude, 687 ±

 Clean brown gravel, medium 
to fine  .- _____ ..... ....

Brown clay; large and small 
pebbles; fragments of wood..

(Jray clay and gravel ..........
Stiff blue-gray clay; few frag

ments of rock _________

Thick 
ness

5

5
5"10

10
20

5

Depth

5

la
15
25
35
55
fin

Gray silty clay and pebbles   

Fine, well-sorted brown sand.

Dark shale (Antrim?) ..........

Thick-
uness

15 
10

15

13

12
15

Depth

76 
85

100

113

125
140

92 (SDM well Y-16-2 [city of Ypsilanti test well 3]). Altitude, 690

Sand; clay; stones ................
Blue clay and sand ________

Blue clay and sand  ............

Thick 
ness

20
4

23
3

Depth

20
24
47
50

Thick 
ness

2
7

21

Depth

52
59
80

94 (SDM well Y-18-4). Fred Persons, owner. Altitude, 8SS

Hirdpan _____________

Thick 
ness

50
15
5

25

Depth

50
65
70
95

Thick 
ness

45
35

4
916

Depth

140
176
179
181*$

95 (SDM well Y-20-4). Thorn School, owner. Altitude, 760

Blue clay ___ ... __ . ..........

Thick 
ness

12
33
15
40

Depth

19

45
60

100

"PiiHrr f>lsw

Thick 
ness

70
8
3

Depth

170
178
181
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97 (SDM well Y-21-6). Hammond, owner. Altitude, 731

Sand
Glssy............ .................

Thick 
ness

4
120

Depth

4
124

Thick 
ness

3

Depth

: 127

99 (FWA 12). NWftSEtyi sec. 23, Ypsilanti Township, at extreme southwest end of 
point jutting into Ford Lake, about 0.5 mile west of Ford Rawsonville dam, power 
plant, and water-treatment plant. Altitude, 685 ±

Tan to buff silt and day. ____

Fine to medium sand and day...

Fine to medium brownish-gray

Thick 
ness

15
35
10

5

5

Depth

15
50
60

65

70

Fine to medium brownish-gray

Gray clay; fragments of shale and

of shale (base of Pleistocene)  

Thick 
ness

5

20

5 
15

Depth

75

95

100 
115

100 (SDM well Y-23-1). Campbell, owner. Altitude, 716

Clay... ___ . ___ . ___ .....

Thick 
ness

120
2

Depth

120
122

Thick 
ness Depth

101 (Ford Motor Co. test well 46). Altitude, 715±

Sand; boulders. _________
Sand; clay ____________

Thick 
ness

10
5

90

Depth

10
15

105 Black shale - __ - _

Thick 
ness

5
10
20

Depth

110
120
140

102 (Ford Motor Co. test well 47). Altitude, 695 db

Sand; clay; boulders _______
Clay; boulders-- _________
Quicksand _   .................
Sand; clay

:   r      
Thick 

ness

10
40
20

5

Depth

10
50
70
75

Thick 
ness

15
5
4

Depth

90
95
99

108 (Ford Motor Co. observation well 7). Altitude, 692

Blue clay _____________
Muddy sand  _________

Thick 
ness

6
39
23

Depth

6
45
68

Thick 
ness

25
2

Depth

93
95
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104 (Ford Motor Co. observation well 8). Altitude^ 665

' Thick 
ness

3
27

Depth

3
30

Sand __ -.. . __ __

Thick 
ness

55 
2

Depth

85 
87

105 (Ford Motor Co. observation well 10). Altitude, 653

Thick 
ness

15 
52

Depth

15
67

Clay......  ....   ... ...   ....

Thick- 
<ness

1

Depth

68

106 (Ford Motor Co. observation well 9). Altitude, 665

Sand; fill.. .-_--._...__ ____ ....

Clay; gravel ____________

Thick 
ness

5 
10 
10

Depth

5 
15 
25

Thick 
ness

40 
3

Depth

65 
68

107 (Ford Motor Co. observation well 11). Altitude, 664

Gravel: sand _ _________

Thick 
ness

5 
15 
35

Depth

5 
20 
55 Shale....    ...--    .      

Thick 
ness

3
14 

1

Depth

63
77 
78

108 (Ford Motor Co. test well 3). Altitude, 668

Thick 
ness

5
10
10

Depth

5

25

Sand.. __________       

Thick- 
ness

5
10
10

Depth

30
40
50

109 (Ford Motor Co. observation well 12. Altitude, 665

<3$i#el;>sand ___ -  ____ --

Thick 
ness

5
15
30

Depth

5
20
50

Thick 
ness

4
31

Depth

54
85
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110 (Ford Motor Co. dam test boring 6). Altitude, 65%

Coarse blue sand and gravel; clay-

Thick 
ness

4
8

19

Depth

4
12
31

Thick 
ness '

2
7

Depth

33
40

111 (Ford Motor Co. foundation test boring B-#). Altitude, 684

Sand

Thick 
ness

1
6

Depth

1
7

Clay.................  ..   

Thick 
ness

10
18

Depth

17
35

112 (Ford Motor Co. supply well 1). Altitude, 668

C\sty... ..........................
Gravel; sand... _________

Thick 
ness

3
45

Depth

3
48

Thick 
ness

39

Depth

87

US (Ford Motor Co. supply well 2). Altitude, 661.5

Thick 
ness

10
71

Depth

10
81

Thick 
ness

11
5

Depth

92
97

114 (Ford Motor Co. supply well 3). Altitude, 665±

Thick 
ness

5
10

5
10
15

Depth

5
15
20
30
45

Thick 
ness

5
5

25
2

Depth

50
65

80
82

115 (Ford Motor Co. dam test boring 4). Altitude, 650

Coarse yellow sand and gravel; clay.

Thick 
ness

3
27

Depth

3
30

Thick 
ness

10

Depth

40
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116 (Ford Motor Co. dam test boring 7). Altitude, 654

Sand; clay

Thick 
ness

3
12

Depth

3
15

Thick 
ness

25

Depth

40

117 (FWA IS). Ey3SW% sec. 24, Ypsilanti Township, 50 feet south of Huron 
River, just below Ford Rawsonville dam opposite well field of Willow Run bomber 
plant. Altitude, 658.

Reddish-brown soil and pebbles. . 
Red gravel; some red sandy clay.. 
Brown gravel; silt. ________
Gravel; gray mud and silt. Not 

so well sorted as material from 
10 to 20 feet ....  __ ......

Fine to coarse gravel; some peb 
bles up to 3 inches in diameter _ 

Fine to medium gravel; pebbles
up to 1 inch in diameter ____

Clean medium gravel; sand in

2 inches in diameter ______

Thick 
ness

5 
5 

10

10
5

15

10

10

8

Depth

5 
10 
20

30
35

50

60

70

78

Fine gravel; clay; sand (hardpan). 
Gray angular gravel and sand,

Gray angular gravel of cemented 
limestone and shale pebbles.

Probably equivalent to "salt 
water" bed between 92 and 97 
feet in well 113      

white chert (Traverse forma 
tion?).. ........................

Thick 
ness

2 

5

5

5

2
3

Depth

SO 

85

90

95

97
100

118 (Ford Motor Co. dam test boring 9). Altitude, 660

Sand; clay ____________
Yellow sand and gravel ...........

Thick 
ness

3
6

Depth

3
g

Thick 
ness

20
11

Depth

29
40

119 (Ford Motor Co. dam test boring 11). Altitude, 657

Sand; clay _______ : __ . ....

Thick 
ness

3
5

Depth

3
8

Thick 
ness

8
24

Depth

10
40

120 (Ford Motor Co. dam test boring 10). Altitude, 657

Sand; clay ________ , ......
Yellow sand and gravel, clean. _

Thick 
ness

3
6

Depth

3
9

Coarse blue sand and gravel, clean

Thick 
ness

31

Depth

40
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121 (Ford Motor Co. dam test boring l)> Altitude, 654

101

'Sand; clay.. ___________

clean.. ___

Thick- 
ness

5

55

Depth

6

60

Thick, 
ness

42
2

Depth

102
104

122 (Ford Motor Co. dam test boring 8). Altitude, 658

«

Sand; gravel ___ ______
Coarse yellow sand and gravel; clay.

Thick 
ness

6
23

Depth

5
28

Thick 
ness

12

Depth

40

183 (Ford Motor Co. dam test boring ff). Altitude, 660

Sand; clay ________ ........

Thick 
ness

3
22

Depth

3
25

Thick- 
ness

16

Depth

40

184 (Ford Motor Co. test well & [unsuccessful supply well WS]).1 Attitude, 686.5

Clay ___ . ___________ ....
Sand; clay ________ ........

Sand __ .. _ ..... _ ............

Thick- 
aess

5
30

5
45
5

Depth

5
35
40
85
on

Sand ________ . _   .   -.

Thick 
ness

5
5
5

10
18

Depth

96
100
105
115
133

i Unsuccessful supply well completed at 100 feet.

125 (Word Motor Co. foundation test boring B-1). Altitude, 688

Clay........   .  .__  

Thick 
ness

5
9

Depth

5
14

Sand.... _ ..-_.      ...

Thick- 
ness

19

Depth'

33

129 (SDM well Y-27-2). James Moore, owner. Altitude, 721

Clay.............................
Hardpan _______ ....  ....

Thick-

114
1

Depth

114
115

O-mtrpI

Thick- 
ness

6

Depth

i3i
,, *
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184 (SDM well Y-8S-6). Claude Baton, owner. Altitude, 708

Sand. ______________ .

Thick- 
  ness

4
21

Depth

4
25

Thick 
ness

1M
m

Depth

Ofili

30

185 (SDM well Y-34-8. Gorton, owner. Altitude, 701

SoU.............................
>Clay_._ ...... . ....,...-...  .

Thick 
ness

6
76

Depth

6
82

Thick 
ness

25
9

Depth

107
116

187 (SDM well P-l-8). MacDonald, owner. Altitude, 828.5

Dry gravel and clay _______
Bine clay _____________

Thick- 
ness

112 
52

Depth

112 
164

Grsvol

188 (SDM well P-1-7 [E. La Pointe well 2}). Altitii

Clay _ . ______ . ______
Sand; gravel ___________

Thick 
ness

16 
2

Depth

16
18

Sand; clay ________
Gravel __________

189 (SDM well P-l-8). Watts, owner. Altitude

Yellow clay.... _    ...........

Bine clay _____________
Sand; clay _____ .............

Thick 
ness

12 
18 
25 
50 
65 
3

Depth

12 
30 
55 

105 
170 
173

Thick 
ness

1

Depth

165

de, 885

Thick 
ness

218 
2

Depth

236 
238

>,,828

Thick 
ness

27 
3 

25 
10 
18 

1

Depth

200 
203 
228 
238 
256 
257

140 (SDM well P-14-1). Ypsilanti airport, owner. Altitude, 887

Yellow clay ____________
Yellow sand ___________

Packed sand ___________

Thick 
ness

12
1

31
20
34

Depth

12
13
44
R4

98

 Thick 
ness

24
37
m
H

Depth

122
159
162H
163
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